FORM PTO-1 390 U.S. Department of Commerce 
(REV. 5/93) Patent and Trademark Office 


Attorney's Docket Number 

960-25 


TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 


U.S. Application No. (If known, see 37 C.F.R. 1.5) 
(To Be AssianecH 


International Application No. 

PCT/FR95/00512 


International Filing Date 

19 April 1995 


Priority Date Claimed 

19 April 1994 



Title of Invention 



RECOMBINANT PROTEINS OF FILAMENTOUS HAEMAGGLUTININ OF BORDETELLA, PARTICULARLY BORDETELLA PERTUSSIS, 
METHOD FOR PRODUCING SAME, AND USES THEREOF FOR PRODUCING FOREIGN PROTEINS OR VACCINATING ACTIVE 
PRINCIPLES 

Applicant(s) For DO/EO/US 

LOCHT et al 

Applicant herewith submits to the United States Designed/Elected Office (DO/EO/US) the following items and other information: 
1 [ X ] This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. [ ] This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. [ X ] This is an express request to begin national examination procedures (35 U.S.C. 371(f)) at anytime rather than delay examination 

until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 

4. [ X ] A proper Demand for International preliminary Examination was made by the 1 9th month from the earliest claimed priority date. 
.5. A copy of the International Application as filed (35 U.S.C. 371(c)(2)). 

a. [ X ] is transmitted herewith (required only if not transmitted by the International Bureau). 
^ b. [ ] has been transmitted by the International Bureau. 

M c. [ ] is not required, as the application was filed in the United States Receiving Office (RO/US). 
f S [ X ] A translation of the International Application into English (35 U.S.C. 371 (c)(2)). 
^Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)). 
ff| a. [ ] are transmitted herewith (required only if not transmitted by the International Bureau). 
m b. [ ] ' have been transmitted by the International Bureau 

Z I c [ ] have not been made; however, the time limit for making such amendments has NOT expired. 
l^i d - [ ] have not been made and will not be made. 

IW [ ] A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 
§d [ X ] An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)). 

W., f ] A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 (35 U.S.C. 371(c)(5)). 
1fH,The above checked items are being transmitted: 
% a. [ ] before the 1 8th month publication. 

b. [ ] after publication and the Article 20 communication but before 20 months from the priority date, 
a [ ] after 20 months. 

fv d. [ ] by 30 months and a proper demand for International Preliminary Examination was made by the 1 9th month from the earliest claimed 

priority date. 
Sje. | X ] after 30 months. 

Note: Petition to revive (37 CFR 1 .1 37(a) or (b)) is necessary if 35 U.S.C. 371 requirements submitted (1 ) after 20 months and no 
proper demand for International Preliminary Examination was made by 19 months from the earliest claimed priority date, or (2) after 
30 months and a proper demand for International preliminary Examination was made by 19 months from the earliest claimed priority 
date. 

12. At the time of transmittal, the time limit for amending claims under Article 19 

a. [ ] has expired and no amendments were made. 

b. [ ] has not yet expired. 

13. [ ] Certain requirements under 35 U.S.C. 371 were previously submitted by the applicant on , namely: 



Items 14. to 19. below concern other dbcument(s) or information included: 

14. [ ] An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

15. [ X ] An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 

16. [ X ] A FIRST preliminary amendment. 

[ ] A SECOND or SUBSEQUENT preliminary amendment. 

17. [ ] A substitute specification. 

1 8. [ ] A change of power of attorney and/or address letter. 
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19. [ X ] Other items or information: 

Sequence Listing. Petition to Revive Unintentionally Abandoned Application. Search Report, 



20. [ X ] The following fees are submitted: 

BASIC NATIONAL FEE (37 CFR 1.492(a)(1)-(5)): 

- Search Report has been prepared by the EPO or JPO $910.00 

-- international preliminary examination fee paid to USPTO (37 CFR 1 .492) $700.00 

No international preliminary examination fee paid to USPTO (37 CFR 1 .492) but 
international search fee paid to USPTO (37 CFR 1.445 (a)(2)) $770.00 

- Neither international preliminary examination fee (37 CFR 1 .482) nor international search fee 
(37 CFR 1.445(a)(2)) paid to USPTO $1,040.00 

-- International preliminary examination fee paid to USPTO (37 CFR 1 .482) and all claims 
satisfied provision of PCT Article 33(1) to (4) $96.00 



CALCULATIONS i PTO USliONLY 



ENTER APPROPRIATE BASIC FEE AMOUNT = 



910.00 



Surcharge of $130.00 for furnishing the National fee or oath or declaration later than 
[ ] 20 [ X ] 30 mos. from the earliest claimed priority date (37 CFR 1 .492(e)). 



130.00 



CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



RATE 



Total Claims 30 - 20 = 
independent Claims 1 - 3 = 
Multiple Dependent Claim(s) (if applicable) 



10 
0 



X $ 22.00 
X $ 80.00 
+ $260.00 



220.00 



0.00 



260.00 



TOTAL OF ABOVE CALCULATIONS = 



1,520.00 



Reduction by 1/2 for filing by small entity, if applicable. Affidavit must be filed also. 
37 CFR 1.9, 1.27, 1.28). 



SUBTOTAL: 



1,520.00 



Pressing fee of $130.00, for furnishing the English Translation later than 

[fll ]20 [ X ] 30 mos. from the earliest claimed priority date (37 CFR 1.492(f)). 



130.00 



TOTAL NATIONAL FEE 



1,650.00 



Fad& for recording the enclosed assignment (37 CFR1 .21 (h)). The assignment must be 
ajsypmpanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property + 



40.00 



Felfor Petition to Revive Unintentionally Abandoned Application ($1,290 - Small Entity Fee - $645) 



1,290.00 



TOTAL FEES ENCLOSED = 



2,980.00 



Amount to be 
refunded 



Charged 



*H 

.n 

j^a. [X] A check in the amount of. $ 2,980.00 to cover the above fees is enclosed. 

^'b. [ ] Please charge my Deposit Account No. 14-1 140 in the amount of $ to cover the above fees. A duplicate copy of 

this form is enclosed. 

c. [X] The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment to Deposit 
Account No. 14-1140 . A duplicate copy of this form is enclosed. l^0^£A^5~ 

SEND ALL CORRESPONDENCE TO: 



NIXON & VANDERHYE P.C. 
1100 North Glebe Road, 8th Floor 
Arlington, Virginia 22201 
Telephone: 703-816-4000 





Signature 



Thomas E. Byrne 



Name 



32,205 



January 9, 1 997 



Registration Number 



Date 
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0151621.01 



08/765287 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

89!WK» 09JAN 

In re Patent Application of 

LOCHTetal Atty. Ref.: 960-25 

(National Phase PCT/FR95/00512) 

Serial No. (To Be Assigned) Group: 

Filed: 09 January 1997 Examiner: 

For: RECOMBINANT PROTEINS OF FILAMENTOUS 
HAEMAGGLUTININ OF BORDETELLA, 
PARTICULARLY BORDETELLA PERTUSSIS, 
METHOD FOR PRODUCING SAME, AND USES 
THEREOF FOR PRODUCING FOREIGN PROTEINS 
OR VACCINATING ACTIVE PRINCIPLES 

****************************** 



January 9, 1997 



Honorable Commissioner of Patents 

and Trademarks 
Washington, DC 20231 



PRELIMINARY AMENDMENT 

Sir: 

In order to place the above-identified application in better condition for 
examination, please amend the above-identified application as follows: 
IN THE CLAIMS : 

Claim 3, line 1, delete "or 2". 

Claim 4, line 1, delete "or 2". 

Claim 5, line 1, change "any one of the Claims 1 to 4" to ~ Claim 1 
Claim 6, line 1, change "any one of the Claims 1 to 4" to ~ Claim 1 --. 
Claim 7, line 1, delete "or 6". 
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FORM PTO-1390 
(REV. 5/93) 



U.S. Department of Commerce 
Patent and Trademark Office 



Attorney's Docket Number 



960-25 



TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



U.S. Application No. (if known, see 37 C.F.R. 1.5) 

08/765,287 



International Application No. 
PCT/FR95/00512 



International Filing Date 
19 April 1995 



Priority Date Claimed 



19 April 1994 



Title of Invention 

RECOMBINANT PROTEINS OF FILAMENTOUS HAEMAGGLUTININ OF BORDETELLA, PARTICULARLY BORDETELLA 
PERTUSSIS, METHOD FOR PRODUCING SAME, AND USES THEREOF FOR PRODUCING FOREIGN PROTEINS OR VACCINATING 

ACTIVE PRINCIPLES __ 



Applicant(s) For DO/EO/US 



LOCHT et al 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information. 

1 . □ This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. ^ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. □ This is an express request to begin national examination procedures (35 U.S.C 371(f) at any time rather than delay examination 
until the expiration of the applicable time limit set in 35 U.S.C. 371(b) Articles 22 and 39(1). 

4. □ A proper Demand for International Preliminary Examination was made by the 19 th month from the earliest claimed priority date. 
A copy of the International Application as filed (35 U.S.C. 371(c)(2)). 

a. □ is transmitted herewith (required only if not transmitted by the International Bureau). 

b. □ has been transmitted by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 
□ A translation of the International Application into English (35 U.S.C. 371(c)(2)). 
Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)). 
a. □ are transmitted herewith (required only if not transmitted by the International Bureau). 

□ have been transmitted by the International Bureau 

□ have not been made; however, the time limit for making such amendments has NOT expired. 

□ have not been made and will not be made. 

A translation of the amendments to the claims under PCT Article 19 (U.S.C. 371(c)(3)). 
_ An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)). 
9o. □ A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 (35 U.S.C. 371(c)(5)). 
Q 1 . The above checked items are being transmitted: 
'2 a. □ before the 18 th month publication. 

? s b. □ after publication and the Article 20 communication but before 20 months from the priority date. 
t c. □ after 20 months. 

^ d. □ by 30 months and a proper demand for International Preliminary Examination was made by the 19 tn month from the earliest 
■Claimed priority date. 

e. □ after 30 months. 

Note: Petition to revive (37 CFR 1.137(a) or (b)) is necessary if 35 U.S.C. 371 requirements submitted (1) after 20 months and 
no proper demand for International Preliminary Examination was made by 19 months from the earliest claimed priority date, or (2) after 30 
months and a proper demand for International Preliminary Examination was made by 19 months from the earliest claimed priority date. 
12. At the time of transmittal, amendments to the claims under Article 34 

a. □ are transmitted herewith (required only if not transmitted by the International Bureau). 

□ have been transmitted by the International Bureau 

□ have not been made; however, the time limit for making such amendments has NOT expired. 

□ have not been made and will not be made. 

Certain requirements under 35 U.S.C. 371 were previously submitted by the applicant on January 9, 1997 , namely: 



5. 



b. 
c. 
d. 

-□ 
.9- M 



b. 
c. 
d. 



13.13 

Application papers and filing fees 

Items 14. To 19. Below concern other document(s) or information included: 

14. □ An Information Disclosure Statement under 37 CFR 1 .97 and 1 .98. 

15. □ An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 

16. □ A FIRST preliminary amendment. 

□ A SECOND OR SUBSEQUENT preliminary amendment. 

1A. fg:ftfchange of power of attorneffipMoBfeddress letter. 



1 
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19. E3 Other items or information: Form PCT/DO/EP 905 (Notification of Missing Requirements...) 



CALCULATIONS piQUSEONLY 1 



20. □ The following fees are submitted: 



BASIC NATIONAL FEE (37 CFR 1.492(a)(1)-(5) 

-- Search Report has been prepared by the EPO or JPO $910.00 

- International preliminary examination fee paid to USPTO (37 CFR 1 .492) $700.00 

- No international preliminary examination fee paid to USPTO (37 CFR 1 .492) but international 
search fee paid to USPTO (37 CFR 1 .445(a)(2)) $770.00 

- Neither international preliminary examination fee (37 CFR 1 .482) nor international search fee 
(37 CFR 1.445(a)(2)) paid to USPTO $1,040.00 

-- International preliminary examination fee paid to USPTO (37 CFR 1 .482) and all claims 
satisfied provision of PCT Article 33(1) to (4) $96.00 



ENTER APPROPRIATE BASIC FEE AMOUNT = 



: ; : = ::: :: : ! : 



Surcharge of $130.00 for furnishing the National fee or oath or declaration later than 
□ 20 □ 30 mos. from the earliest claimed priority date (37 CFR 1 .492(e)). 



CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



RATE 



Total Claims 



-20 = 



X 



$22.00 



Independent Claims 



-3 = 



$80.00 







Multiple Dependent Ciaims(s) (if applicable) 



+$260.00 



BHHHHI 



— 



Petition is hereby made to extend the current due date so as to cover the filing date of this paper 



pid attachment(s) ($110/1 month); $390/2 months); $930/3 months) 



390.00 



• 



TOTAL OF ABOVE CALCULATIONS = 



Reduction by for filing by small entity, if applicable. Affidavit must be filed also. 
3(Note 37 CFR 1.9, 1.27, 1.28). 



1118BBN 



SUBTOTAL = 



390.00 



I processing fee of $130.00, for furnishing the English Translation later than 
Up 20 □ 30 mos., from the earliest claimed priority date (37 CFR 1 .492(f). 



!i:=!-! i: :.. ! 



TOTAL NATIONAL FEE 



fee for recording the enclosed assignment (37 CFR 1 .21 (h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property + 



fee for Petition to Revive Unintentionally Abandoned Application ($1 ,290 - Small Entity Fee = $645) 



$ 



TOTAL FEES ENCLOSED = 



$ 



390.00 



Amount to be 
refunded 



$ 



Charged 



a. ^ A check in the amount of $ 390.00 to cover the above fees is enclosed. 

b. □ Please charge my Deposit Account No. 14-1 140 in the amount of $ to cover the above fees. A duplicate copy of this 

form is enclosed. 

c. ^ The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment to 
Deposit Account No. 14-1140 . A duplicate copy of this form is enclosed. t ^ 



SEND ALL CORRESPONDENCE TO: 

NIXON & VANDERHYE P.C. 
1100 North Glebe Road, 8th Floor 
Arlington, Virginia 22201 
Telephone: (703)816-4000 



Signature 



Mary J. Wilson 



Name 



32,955 



September 12, 1997 



Registration Number 



Date 



2 
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FORM PTO-1390 
(REV. 5/93) 



U.S. Department of Commerce 
Patent and Trademark Office 



Attorney's Docket Number 



960-25 



TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



U.S. Application No. (if known, see 37 C.F.R. 1.5) 

08/765,287 



International Application No. 
PCT/FR95/00512 



International Filing Date 
19 April 1995 



Priority Date Claimed 



19 April 1994 



Title of Invention t 

RECOMBINANT PROTEINS OF FILAMENTOUS HAEMAGGLUTININ OF BORDETELLA, PARTICULARLY BORDETELLA 
PERTUSSIS, METHOD FOR PRODUCING SAME, AND USES THEREOF FOR PRODUCING FOREIGN PROTEINS OR VACCINATING 

ACTIVE PRINCIPLES 



Applicant(s) For DO/EO/US 

LOCHT et al 

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information. 
1 . "□ This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 
2 H This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. □ This is an express request to begin national examination procedures (35 U.S.C 371(f) at any time rather than delay examination 
until the expiration of the applicable time limit set in 35 U.S.C. 371(b) Articles 22 and 39(1). 

4. □ A proper Demand for International Preliminary Examination was made by the 19™ month from the earliest claimed priority date. 

5. A copy of the International Application as filed (35 U.S.C. 371(c)(2)). 

« a. □ is transmitted herewith (required only if not transmitted by the International Bureau). 
S b. □ has been transmitted by the International Bureau. 

^ c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 
j| □ A translation of the International Application into English (35 U.S.C. 371(c)(2)). 
9. Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C, 371(c)(3)). 
01 a. □ are transmitted herewith (required only if not transmitted by the International Bureau). 

b. □ have been transmitted by the International Bureau 

m o. □ have not been made; however, the time limit for making such amendments has NOT expired. 
M d- □ have not been made and will not be made. 

fir., □ A translation of the amendments to the claims under PCT Article 19 (U.S.C. 371(c)(3)). 
%. H An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)). 

Sjfii □ A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 (35 U.S.C. 371(c)(5)). 
45. The above checked items are being transmitted: 
U a. □ before the 18 th month publication. 

fH b. □ after publication and the Article 20 communication but before 20 months from the priority date. 

c. □ after 20 months. 

f t d. □ by 30 months and a proper demand for International Preliminary Examination was made by the 19* n month from the earliest 
cfeimed priority date, 
e. □ after 30 months. 

Note: Petition to revive (37 CFR 1.137(a) or (b)) is necessary if 35 U.S.C. 371 requirements submitted (1) after 20 months and 
no proper demand for International Preliminary Examination was made by 19 months from the earliest claimed priority date, or (2) after 30 
months and a proper demand for International Preliminary Examination was made by 19 months from the earliest claimed priority date. 

12. At the time of transmittal, amendments to the claims under Article 34 

a. □ are transmitted herewith (required only if not transmitted by the International Bureau). 

b. □ have been transmitted by the International Bureau 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. □ have not been made and will not be made. 

13. H Certain requirements under 35 U.S.C. 371 were previously submitted by the applicant on January 9, 1997 , namely: 
Application papers and filing fees 

Items 14. To 19. Below concern other document(s) or information included: 

14. □ An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

15. □ An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 

16. □ A FIRST preliminary amendment. 

□ A SECOND OR SUBSEQUENT preliminary amendment. 

17. □ A substitute specification. 

18. □ A change of power of attorney and/or address letter. 
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19. S Other items or information: Form PCT/DO/EP 905 (Notification of Missing Requirements...) 



CALCULATIONS ^^OWf 



20. □ The following fees are submitted: 



BASIC NATIONAL FEE (37 CFR 1.492(a)(1)-(5) 

- Search Report has been prepared by the EPO or JPO S910.00 

- International preliminary examination fee paid to USPTO (37 CFR 1.492) $700.00 

- No international preliminary examination fee paid to USPTO (37 CFR 1 .492) but international 
search fee paid to USPTO (37 CFR 1 .445(a)(2)) $770.00 

- Neither international preliminary examination fee (37 CFR 1 .482) nor international search fee 
(37 CFR 1.445(a)(2)) paid to USPTO $1,040.00 

- International preliminary examination fee paid to USPTO (37 CFR 1.482) and all claims 
satisfied provision of PCT Article 33(1) to (4) $96.00 



ENTER APPROPRIATE BASIC FEE AMOUNT = 



Surcharge of $130.00 for furnishing the National fee or oath or declaration later than 
Q20 □ 30 mos. from the earliest claimed priority date (37 CFR 1 .492(e)). 




CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



RATE 



Total Claims 



-20; 



$22.00 



Independent Claims 



-3 = 



$80.00 



Multiple Dependent Claims(s) (if applicable) 



+$260.00 




Petition is hereby made to extend the current due date so as to cover the filing date of this paper 



and attachment(s) ($110/1 month); $390/2 months); $930/3 months) 



390.00 



TOTAL OF ABOVE CALCULATIONS = 



^ — — 

Reduction by V* for filing by small entity, if applicable. Affidavit must be filed also, 
frlote 37 CFR 1.9, 1.27, 1.28). 



SUBTOTAL ! 



390.00 



: ' - * " • 



!: (processing fee of $130.00, for furnishing the English Translation later than 
p 20 □ 30 mos., from the earliest claimed priority date (37 CFR 1 .492(f). 



TOTAL NATIONAL FEE • 



NFee for recording the enclosed assignment (37 CFR 1 .21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property + 



fee for Petition to Revive Unintentionally Abandoned Application ($1,290 - Small Entity Fee = $645) 



$ 



aiif 



TOTAL FEES ENCLOSED = 



$ 



390.00 



Amount to be 
refunded 




Charged 



a. 
b. 



A check in the amount of $ 390.00 to cover the above fees is enclosed. 

Please charge my Deposit Account No. 14-1 140 in the amount of $ 

form is enclosed. 



The Commissioner is hereby authorized to charge any additional fees which may be required 
Deposit Account No. 14-1140 . A duplicate copy of this form is enclosed. 



to cover the above fees. A duplicate copy of this 
, or credit any overpayment to 



SEND ALL CORRESPONDENCE TO: 

NIXON & VANDERHYE P.C. 
1100 North Glebe Road, 8th Floor 
Arlington, Virginia 22201 
Telephone: (703) 816-4000 



Signature 



Mary J. Wilson 



Name 



32,955 



September 12, 1997 



Registration Number 



Date 



2 
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- LOCHT et al 

Serial No. (To Be Assigned) 



Claim 


8, line 1, delete "or 7". 










Claim 


10, line 1, change "any one 


of the 


Claims 


1 to 8" to -- 


Claim 1 --. 


Claim 


11, line 1, change "any one 


of the 


Claims 


1 to 10" to - 


- Claim 1 --. 


Claim 


12, line 1, change "any one 


of the 


Claims 


1 to 11" to - 


- Claim 1 --. 


Claim 


14, line 2, delete "or 12". 










Claim 


18, line 1, change "any one 


of the 


Claims 


14 to 17" to 


- Claim 14 --. 


Claim 


19, line 1, delete "to 18". 










Claim 


20, line 1, change "any one 


of the 


Claims 


14 to 19" to 


-- Claim 14 --. 


Claim 


99 linp ^ r*Vi qti ctp ^qtiv atip 
jlhU) in it; o, L/iiciii^t; dxiy unc 


nf thp 


ill Qirnci 


18 to 21" to 


- Claim 18 --. 


Claim 


23, line 2, change "any one 


of the 


Claims 


1 to 13" to - 


- Claim 1 --. 


Claim 


27, line 4, change "any one 


of the 


Claims 


1 and 6 to 13: to — Claim 1 ~ 


Claim 


29, line 1, delete "or 28". 











Favorable consideration of this application and entry of the foregoing 
amendments are respectfully requested. 

Respectfully submitted, 
NIXON & VANDERHYE P.O. 



TEB:*bjc 

1100 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 
Telephone: (703) 816-4000 
Facsimile: (703) 816-4100 



REMARKS 



By: 




' Reg. No. 32,205 



f JtjO\ Thomas E. Byrne 
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RECOMBINANT PROTEINS OF FILAMENTOUS 
Tf AKU AGGLUTININ OF BORDET glJ A, PARTICULARLY 
BORDETELLA PERTUSSIS, METHOD FOR PRODUCING SAME. 
AND USE S THERE OF FOR PRODUCING FOREIGN P ROTEINS^ 
OR VACCINATING ACTIVE PRINCIPLES 



SUBJECTS OF THE INVENTION 

As a result of the technology of genetic engineering it is , in 
principle ,now possible to express any gene in a heterologous organism in 
order to make available unlimited quantities of a given protein for 
industrial or research purposes. Micro-organisms are very often used as 
hosts for the heterologous expression. 

Paradoxically, in spite of the considerable progress observed during 
the last twenty years one of the problems which has slowed down the 
industrial use of recombinant proteins is linked to the difficulty of 
purifying these molecules which are usually concentrated in the organism 
which synthesizes them. The purification of the recombinant proteins could 
be considerably simplified if the latter were secreted into the culture 
medium. The genetic manipulation of a micro-organism so that it secretes a 
recombinant protein requires knowledge of the molecular mechanisms 
which govern the metabolic pathways of secretion. These mechanisms are 
particularly complex in the Gram-negative bacteria in which any secreted 
protein must cross two lipid membranes before reaching the extracellular 
medium. Consequently, the Gram-negative bacteria secrete few proteins. 

The secretion of proteins is simpler in the Gram-positive bacteria 
owing to the fact that the latter possess only a single lipid membrane. 
Unfortunately, these micro-organisms also usually produce extracellular 
proteases, harmful to recombinant proteins. The construction of Gram- 
positive bacteria deficient in proteases has consequently been a important 
area of research. However, this task has proved difficult since these micro- 
organisms often secrete many proteases and the deletion of the genes 
coding for these proteases diminishes the viability of the strains and 
consequently their usefulness for the expression of the heterologous genes. 
Hence, ideally, Gram-negative bacteria producing no or few extracellular 
proteases and possessing a very effective mechanism of secretion should 
be used. 
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The invention takes advantage both of the capacities of the 
Bordetella, and more particularly of B. pertussis which seems not to 
produce extracellular proteases, and the ease with which filamentous 
hemagglutinins can be isolated from those of the Bordetella synthesizing 
them in order, among other things, to solve the difficulties mentioned 
above. 

Bordetella pertussis , the etiological agent of whooping cough, is a 
Gram-negative bacterium which produces and secretes several large 
proteins including the whooping cough toxin (about 107 kDa) and the 
filamentous hemagglutinin (Fha; about 220 kDa). The Fha is the major 
product of secretion, it can easily be detected by staining with Coomassie 
blue after electrophoresis of the culture supernatant. 

The Fha is a protein of 220 kDa produced and secreted by B. 
pertussis. It is the major adhesin and the major product of secretion of this 
organism (for a review cf. Locht, C, Bertin, P., Menozzi, F.D. and 
Renauld, G (1993) Mol. Microbiol. 9, 653-660). The structural gene for 
Fha, called fhaB, has been cloned in several laboratories (Brown, D.R. and 
Parker, CD. (1987) Infect. Immun. 55, 154-161; Relman, D.A., 
Domenighini, M., Tuomanen, E., Rappuoli, R., and Falkowo, S. (1989) 
Proc. Natl. Acad. Sci. U.S.A. 86, 2637-2641; Delisse-Gathoye, A-M, 
Locht, C, Jacob, F., Raaschou-Nielsen, M., Heron, I., Ruelle, J-L., 
DeWilde, M. and Cabezon, T; (1990) Infect. Immun. 58, 2895-2905) and 
codes for a precursor of about 367 kDa (Delisse-Gathoye et al., 1990; 
Domenighini, M., Relman, D., Capiau, C, Falkow, S., Prugnola, A., 
Scarlato, V. and Rappuoli, R. (1990) Mol. Microbiol. 4, 787-800). The N- 
terminal part of this precursor corresponds to the mature part of the Fha 
and the C-terminal part is lost during the maturation and/or secretion of the 
protein. 

Downstream from the fhaB gene there is a polycistronic operon 
responsible for the biogenesis of both the Fha and the fimbriae, also called 
agglutinogens (Locht, C, Geoffrey, M.C. and Renauld, G. (1992) EMBO 
J., 11, 3175-3183). This operon contains four cistrons, the products of the 
first three of which are homologous to the accessory proteins and to the 
adhesin of the pili of several Gram-negative bacteria (Locht et al., 1992) 
and are implicated in the biogenesis of the fimbriae of B. pertussis and the 
product of the last of which is homologous to Shi B and HpmB and is 
implicated in the biogenesis of the Fha (Willems, R.J.L., Geuijen, C, van 
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der Heide, H.G J., Renauld, G., Bertin, P., van der Akker, W.M.R., Locht, 

C. and Mooi, F.R. (1994) Mol Microbiol. U, 337-347). 

Furthermore, the N-terminal region of the Fha is homologous to die 
N-terminal regions of the hemolysins Shi A and HpmA of Serratia 
marcescens and Proteus mirabilis . respectively (Delisse-Gathoye et al., 
1990). These hemolysins are secreted by these two micro-organisms and the 
secretion implicates the interaction of the product of the shlB or hpmB gene 
with the N-terminal domain of Shi A and HpmA, respectively (Braun, V., 
Ondraczed, R. and Hobbie, S. (1993) Zbl. Bakt. 278, 306-315). 
Mutagenesis experiments on the fhaB gene have shown that the N-terminal 
domain of the Fha, homologous to the Shi A and HpmA, is also important 
for the biogenesis of the Fha (Willems et al, 1994) thus suggesting by 
analogy with the secretion systems of the hemolysins that the product of the 
fliaC gene interacts with the N-terminal domain and that this interaction is 
important in the process of the biogenesis of the Fha. The proteins HpmB, 
ShlB and FhaC are probably proteins of the outer membrane (Braun et al., 
1993; Willems et al, 1994) and play a role in the secretion of the 
hemolysins and of Fha, respectively, across the outer membrane. In R 
pertussis , blockage of the secretion through the outer membrane leads to 
the rapid degradation of the protein. 

The Fha is a major adhesin of B. pertussis and expresses at least three 
types of binding activities (see Locht et al, 1993). Relman et al. (Relman, 

D. , Tuomanen, E. ? Falkow, S., Golenbock, D., Saukkonen, K. and Wright, 
S.(1990) Cell 61, 1375-1382) have shown that a RGD sequence in the 
mature Fha is responsible for the interaction of this molecule with the 
integrin CR3 (AMp2, CD1 lb/CD 18) of the macrophages. This interaction 
induces the internalization of the B. pertussis in the macrophages in which 
these organisms may survive. 

The Fha may also interact with glycoconjugates and the recognition 
domain of the carbohydrates has been identified by Prasad et al. (Prasad, 
S.M., Yin, Y., Rodzinski, E., Tuomanen, E.L and Masure, R. (1993) Infect. 
Immun. 61, 2780-2785) in the region 1 141 to 1279 of the Fha, a little 
downstream from the RGD site. Menozzi et al (Menozzi, F.D., Gantiez, C. 
and Locht, C (1991) FEMS Microbiol. Lett. 78, 59-64) have shown that the 
Fha expresses an affinity for heparin and can be purified by 
chromatography on heparin-sepharose from the culture supernatant of B. 
pertussis . This interaction with sulfated glycosaminoglycans seems to play a 
role in the interaction of the micro-organisms with epithelial cells 
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(Menozzi, F.D., Mutombo, R., Xenauld, G., Gantiez, C> Hannah, J.H., 
Leininger. E., Brennan, M.J. and Locht, C (1994) Infect. Immun. 62, 769- 
778). 

The Fha is a good immunogen for the induction of IgAs in the 
respiratory tracts of the patient infected with B. pertussis (Zackrisson, G., 
Lagergard, T., Trollfors, B. and Krants, I (1990) J. Clin. Microbiol. 28, 
1502-1505) and the presence of IgAs is still detectable long after the 
infection (Zackrisson, G., Arminjon, F., Krantz, L, Lagergard, T., Sigurs, 
N., Taranger, J. and Trollfors, B. (1988) Eur J. Clin. Microbiol. Infec. Dis. 
7, 764-770). A long-lasting immune response to the Fha can also be 
observed in the mouse experimentally infected with B. pertussis by the 
nasal route (Amsbaugh, D.F., li, Z.-M. and Shahin, R.D. (1993) Infect. 
Immun. 61, 1447-1452). A good immune response (both IgAs and IgG) to 
the Fha can also be obtained in the respiratory tracts of the mouse after 
intra nasal vaccination with the purified Fha (Shahin, R.D., Amsbaugh, 
D.F. and Leef, M.F. (1992) Infect. Immun. 60, 1482-1488; Cahill, E.S., 
O'Hagan, D.T., Ilium, L. and Redhead, K. (1993) FEMS Microbiol. Lett. 
107 , 211-216). It is possible that one or more of the binding activities 
expressed by the Fha is/are responsible for the mucosal immunogenicity of 
this molecule. 

The invention takes advantage of the molecular mechansim of 
secretion of the Fha of Bordetella , particularly of B. pertussis , for the 
production of heterologous recombinant proteins or peptides from these 
organisms. 

In one of these initial applications the invention permits, particularly 
under the conditions which will be described hereafter, the secretion of 
these heterologous recombinant peptides into the heterologous culture 
medium and, where applicable, the recovery of the heterologous part of 
this recombinant peptide when the latter constitutes the ultimate target of 
research. However, the objective of another variant of the invention is the 
exposure of the recombinant peptide at the surface of prokaryote cells, 
particularly for vaccination purposes. 

The fusion of heterologous proteins or peptides with the Fha may 
indeed have a particularly useful application in the vaccination area. In 
fact, the Fha is capable of stimulating a significant mucosal immune 
response of long duration after natural infection in man or following 
intranasal immunization. This property is probably due to the specific 
binding activities of the Fha to the mucosa. A translational fusion of the 
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Fha with an antigen could hence facilitate the presentation of this antigen 
at the nasal mucosa to allow the production of secretory immunoglobulins 
(IgAs). Such a strategy is particularly useful for vaccination against certain 
respiratory diseases and, when the mucosal immune system of the 
respiratory tracts communicates with that of other mucosa or more 
generally of other cells : epithelial cells, macrophages, etc...., this principle 
may be entended to many other infectious diseases against which it is 
important to develop mucosal immunity. Such an inexpensive type of 
vaccine could easily be administered by a nasal spray. This route of 
vaccination would hence eliminate the trauma caused by injection as well 
as the risk of destruction of the oral vaccines in the acidic environment of 
the stomach. 

In what follows reference will be made to the drawings, the legends 
to which are presented at the end of this description. 

The invention relates first of all to the recombinant DNA containing 
a sequence (1) coding for a polypeptide heterologous with respective to a 
Fha of B. pertussis fused in the same reading frame to a sequence (2) 
placed upstream from the first, this sequence (2) coding for at least the N- 
terminal region of the mature protein of Fha which, when this latter is itself 
placed under the control of a promoter recognized by the cell polymerases 
of B. pertussis and introduced into a B. pertussis culture, is expressed in 
this culture under the control of this promoter and excreted into the culture 
medium. 

In an extreme case, the sequence (2) of the above-mentioned 
recombinant DNA codes for the entire Fha precursor, for example that of 
B. pertussis (sometimes designated by the abbreviation FhaB). The 
incorporation of this recombinant DNA into a plasmid in particular and 
under the control of an adequate promoter in a B. pertussis cell then leads 
to the expression of the corresponding recombinant protein, a part of which 
is excreted completely into the culture medium, the other part also crossing 
the B. pertussis membrane but remaining attached to it. In this last case it 
will be seen in what follows that the recombinant protein, including the 
amino acid sequence corresponding to the heterologous polypeptides, is 
exposed at the surface of these cells. 

The protein excreted into the culture medium may be purified 
further, in particular by a process consisting of placing the culture medium 
in contact with heparin immobilized on an insoluble support in order to 
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form a heparin-Fha complex, from which the recombinant protein can then 
be recovered by dissociation of the complex. 

In the subsequent description, it will be seen that the initial assays 
were performed in a B. pertussis strain BGR4, in which the largest part of 
the reading frame of the fhaB gene and its promoter had been deleted from 
the chromosome by two consecutive homologous recombination events. 
The recombinant DNA contained an EcoRI fragment of about 10 kb 
isolated from a clone which had been sequenced completely, in particular 
by Delisse-Gathoye et al., 1990. It is in comparison with the sequence 
described by these authors that the relative positions of some of the 
nucleotides in the corresponding B. pertussis chromosome are defined in 
the body of the present text, the first EcoRI site E a corresponding to 
position 1 and the second EcoRI site EJ 5 then occupying position 10035. 

The translation initiation codon ATG is located downstream from the 
& site (one of the three ATG codons at positions 253, 298 and 427, 
respectively), the corresponding promoter being intercalated between the 
site and the relevant initiation ATG. The precursor extends beyond the 
position of the site (position 1 1025). 

As will be described in more detail in the examples, several 
recombinant DNAs were produced which contained in particular sequences 
all extending between nucleotide 1 and the nucleotide 10035 (BPGR41), 
6292 (BPGR413), 5215 (BPGR48), 2841 (BPGR44)/1575 (BPGR412) 
and finally 907 (BPGR415), respectively. Corresponding restriction sites 
are indicated on Figure 2B. 

The following observations were made with respect to the expression 
of these fragments of decreasing size, before the latter were recombined 
with a sequence coding for a heterologous peptide. As is shown in Figures 
2A and 2B, considerable excretion of the peptide encoded in the peptide 
BPGR41 was obtained, an excretion which is reduced for the fragments 
contained in the plasmids BPGR413 and BPGR48, which contained no 
more than the sequence coding for almost all of the mature protein 
(BPGR413) and a truncated sequence coding for a polypeptide likewise 
truncated (BPGR48). These observations are reflected by the assays 
illustrated in Figure 2B in which the expression products were detected by 
rat anti-Fha polyclonal antibodies. However, in this assay, the absence of 
detectable expression in the case of the plasmids containing shorter 
sequences is noted. On the other hand, using another system of 
measurement (staining with Coomassie blue : Figure 2A), an upsurge of 
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the expression with plasmid BPGR44 is recorded. Without there being a 
necessary correlation, it is noted that the part of the Fha sequence ' . 
recognized by the major part of the polyclonal antibodies is not necessary 
for the production of excretion in the system which was used. When the 
truncated Fha sequence is shortened even more, a diminution of the 
excretion is again observed. Thus, the fragment contained in the plasmid 
BPGR412 is still expressed to a lesser degree even though no band is 
observed on Figure 2 in the lane of the electrophoretic gel corresponding to 
the plasmid BPGR412. However, the placing of a corresponding culture in 
contact with immobilized heparin enabled an excreted fraction recognized 
by monoclonal antibodies recognizing specifically the N-terminal region of 
the Fha to be isolated. 

It seems that sequences (2) included in the recombinant DNAs must, 
in every case, contain signals for the excretion of the sequence coding for 
the Fha and the N-terminal region homologous to the N-terminal regions of 
the hemolysins Shi A and HpmA of Serratia marcescens and Proteus 
mirabilis . 

For the exploitation of one of the preferred embodiments of the 
invention, namely the production of a heterologous peptide and its recovery 
from the culture medium, it seems therefore that the extension of the 
sequence (2) from the N-terminus of the Fha towards its C-tenninus should 
be selected so as not to exceed the length which would cause the 
transformation of B. pertussis with this recombinant DNA then placed under 
the control of a promoter capable of being recognized by B. pertussis to no 
longer permit the direct excretion of the recombinant protein then formed 
into the culture medium of this B. pertussis. 

In the context of this embodiment^ preferred recombinant DNA is 
characterized in that the sequence (2) extends between the ATG 
corresponding to the initiation codon for the translation of the Fha to a C- 
terminal nucleotide beyond nucleotide 907 in the direction of the translation 
and preferably not beyond position 6292. 

Although this assay is not decisive, it can still be asserted that a 
preferred recombinant DNA will be one which is characterized by the fact 
that it only reacts weakly with anti-Fha antibodies directed more particularly 
against the epitopes of the C-terminal part of the mature Fha, located 
beyond the nucleotide site 2841 in the sense of translation. 

It is obvious that the recombinant sequence containing the sequences 
(1) and (2) may be constructed in any known manner depending on the 
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nature of the final objective. Possibly, sequence (1) coding for the 
heterologous peptide will be flanked by short regions coding for pre- 
defined peptides forming specific cleavage sites for specific proteolytic 
enzymes, as a result of which the heterologous part of the recombinant 
polypeptide may be easily separated from the latter. 

In another useful embodiment of the invention, the recombinant 
peptide can be used as vaccinating principle, the heterologous peptide 
sequence being endowed with immunogenic properties selected beforehand 
and, preferably, the part derived from the mature Fha protein comprising at 
least one of the specific attachment sites of the Fha to mucosa or more 
generally to other eukaryotic cells, particularly to epithelial cells or 
macrophages. 

The use of recombinant DNA for the production of a heterologous 
polypeptide may be envisaged in prokaryotic cells other than Bordetella 
pertussis or even more generally than the Bordetella. Indeed, it should be 
noted that Stibitz, Weiss and Falkow reported DNAs of Bordetella 
containing the sequence coding for the precursor of the Fha x and all of the 
regulatory genes, including the fhaC gene, i.e. the accessory gene whose 
expression product is also necessary for the expression of the Fha, can be 
expressed, and exposed at the surface of the transformed E. coli bacteria 
when they are transported into E. coli (J. of Bacteriology (1988) 170, 2904- 
2913). 

It is obvious that the invention thus relates to all cell cultures in 
which the Fha may be expressed. The invention thus relates more 
particularly to the cultures of cells belonging to a Bordetella species, in 
particular B. pertussis, provided that these cells also carry the fhaC gene 
which can be expressed in these cells. 

The invention also relates to transformed cell cultures belonging to 
species other than Bordetella provided that they also contain a sequence 
coding for at least the part of the FhaC necessary for the expression of the 
sequence (2) in a form also expressable within the cells of this culture. 

This is so for E. coli and, if necessary, provided minor adjustments 
are made allowing the expression of the recombinant DNAs of the 
invention in other Gram -negative bacteria, for example salmonella, vibrio, 
etc... 

It should be noted that Willems et al. (1994) Mol. Microbiol, ii, 
337-347 have completely sequenced a sequence coding for the FhaC 
protein. 
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It is also obvious that the invention is not limited to recombinant 
DNAs containing a sequence coding for the Fha of B. pertussis . Tliis latter 
may be replaced by any corresponding sequence isolable from other 
Bordetella, whether it be Bordetella infectious for man, in particular B. 
parapertussis or B. bronchiseptica . or also Bordetella infectious for animals, 
in particular the Bordetella bronchiseptica infectious for the dog or the pig. 

The invention is in no way limited to the recombinant DNAs whose 
sequences (2) are restricted to truncated sequences of DNA coding for a Fha 
of Bordetella. As was seen above, the invention also relates to the 
recombinant DNAs containing longer sequences (2) whenever, on the 
contrary, the production of prokaryotic cells, in particular bacteria bearing 
exposed at their surface the expression product of the recombinant DNA 
defined above is to be attempted. The heterologous sequence (1) may either 
be incorporated even within the sequence coding for Fha, even FhaB or be 
fused to the mature Fha or the precursor with preservation of the 
corresponding reading frame. 

In the case in which the host cell, if necessary after attenuation or 
inactivation, can be used as vaccine support, it will be realised that the 
invention provides novel varieties of vaccines comprising prokaryotic cells 
of this type bearing exposed at their surface the expression product of the 
recombinant DNA. Advantageously, both the amino acid sequence 
corresponding to the antigenic sites of the heterologous peptide, on the one 
hand, and one of the adhesion sites of the Fha protein to the mucosa or even 
to other eukaryotic cells such as epithelial cells or macrophages will be 
exposed at the surface of the bacteria in question. 

Reference should be made to the European patent No. 0242243 filed 
on 06/03/87 for examples of the procedure which can be used to obtain the 
correct orientation 

Whereas in the case of the in vitro production of a recombinant 
protein or polypeptide prokaryotic cells may be transformed by a plasmid, it 
seems that for the construction of bacteria bearing the expression product of 
the recombinant DNA exposed at their surface it is preferable that the latter 
be incorporated into the chromosomal DNA of said cells under the control 
of a suitable promoter. All known procedures may be used for this 
purpose,such as the procedures of homologous recombination. 

It is obvious that the sequence (1) may code for all desired antigenic 
sequences whether they be antigens of Bordetella, Shigella, Neisseria, 
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Borrelia, etc.. diphtheria, tetanus or cholera toxins or toxoids, viral 
antigens, in particular of hepatitis B, hepatitis C, poliovirus or HIV, 
parasitic antigenic such as those of plasmodium, the Shistozoma, 
toxopiasms etc... Obviously, the examples given are in no way limiting. 

Similarly, the cell hosts may be constituted by all attenuated or 
inactivated bacteria such as attenuated shigella, attenuated E. coli or 
attenuated salmonella. 

However, as has been seen, any Bordetelia fha may be used. Starting 
from a sequence coding for one of them, it is known that it is possible to 
detect corresponding sequences contained in the chromosomal DNA of 
other Bordetelia, with the aid of appropriate probes for example. 

The invention is of particular interest for the constitution of 
immunogenic or vaccinating compositions designed for administration by 
mucosal contact, in particular for administration by the nasal route. The 
invention is hence of quite special interest for the prevention of infection 
by the respiratory tract or by tissues likely to be infected by these routes. 
The compositions of the type in question may be available in the form of 
aerosols, administrable as nasal sprays. The invention is applicable to both 
human and veterinary vaccination. 

Other characteristics of the invention will also become apparent in 
the course of the description which follows of the constructions and 
biological assays which have been performed in the framework of the 
invention and which provide it with the required experimental support. 
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FIGURES 

Figure 1. Analysis by SDS-PAGE and staining with Coomassie blue of the 
culture supernatants of the B. pertussis strains BPSM, BPGR4 and 
BPGR41. The size markers and the unconcentrated culture supernatants of 
the three B. pertussis strains were loaded on to a SDS-polyacrylamide gel. 
After electrophoresis, the gel was stained with Coomassie blue as 
described by Sambrook et al.(1989). The molecular weights of the size 
markers are shown in the margin. 

Figures 2A and 2B. Analysis by electrophoresis (A) and Western blot (B) 
of the culture supernatants of the B. pertussis strains BPGR41 , BPGR413 , 
BPGR48, BPGR44, BPGR412, BPGR415, BPGR4 and BPSM. After 
electrophoresis, the gel was stained with Coomassie blue as described for 
Figure 1 (A) or transferred to a nitrocellulose membrane and analyzed by 
Western blot as described by Delisse-Gathoye et al. (1990) with the aid of 
rat anti-FHA polyclonal antibodies at a dilution of 1/1000. The map of the 
constructions which are based on the different strains is shown. E a and E b 
represent the first and second EcoRI site of the fhaB gene, respectively 
(Delisse-Gathoye et al., 1990). 

Figures 3A and 3B. Analysis by electrophoresis (A) and Western blot (B) 
of the culture supernatants of the B. pertussis strains BPSM, BPGR4, 
BPMC, BPGR44, BPGM47, BPMC4 and BPSM4 and the B. parapertussis 
PEP4. after electrophoresis, the gel was stained with Coomassie blue as 
described for Figure 1 (A) or analyzed by Western blot using a rat anti- 
FHA antiserum at a dilution of 1/500 (B) as described for Figure 2. 

Figure 4. Restriction map of the different DNA fragments expressed as a 
fusion with the gene coding for MalF. The black line at the top shows the 
length of the fhaB portion which codes for the mature FHA. N and C 
designated the amino and carboxyl-terminal regions, respectively. The 
black line in the middle shows the length of the fhaB open reading frame. 
E, EcoRI; Sp, SphI; S, Sail; B, BamHI. The arrows show the length of the 
fragments expressed and the direction of their expression. 

Figures 5A and 5B. Western blot analysis of the culture supernatants of the 
B. pertussis strains, BPSM, BPGR44, BPGR4 and BPJN1. After 
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electrophoresis t the gels were analyzed by Western blot as described for 
the Figure 2 by using the rat anti-FHA antiserum at a dilution of 1/500 (A) 
or a rat anti-peptide 190-211 antibody of Sm28GST at a dilution of 1/250 
(B). The lane on the left of the gel (B) contains the purified recombinant 
Sm28GST. 

Figure 6. Western blot analysis of the culture supernatants and proteins 
associated with the ceils of the B. pertussis strains BPSM, BPGR4, BPGR5 
and BPGR6. The Western blot analysis of the proteins derived from the 
culture supernatants (lanes 5 to 8) or protein fractions associated with the 
cells (lanes 1 to 4) of the different B. pertussis strains BPSM (lanes 1 and 
5), BPGR4 (lanes 2 and 6), BPGR5 (lanes 3 and 7) and BPGR6 (lanes 4 
and 8) was performed as described for Figure 2 by using the anti-FHA 
12.1.9 monoclonal antibody (Delisse-Gathoye et al.> 1990). 

Figure 7. Western blot analysis of the culture supernatants and proteins 
associated with the cells of the B. pertussis strains BPSM, BPGR5 and 
BPGR6. The Western blot analysis of the proteins derived from the culture 
supernatants and purified on a heparin-sepharose matrix (lanes 4 to 6) or 
protein fractions associated with the cells (lanes 1 to 3) of the different B. 
pertussis strains BPSM (lanes 1 and 4), BPGR5 (lanes 2 and 5) and 
BPGR6 (lanes 3 and 6) was performed as described for Figure 2 by using a 
rabbit anti-Sm28GST antiserum diluted 200 fold. 

Figure 8. Western blot analysis of the culture supernatants of the B . 
pertussis strains BPSM, BPGR5 and BPGR6 purified on a heparin- 
sepharose column. The Western blot analysis of the proteins derived from 
the culture supernatants of the B. pertussis strains BPSM (lane 1), BPGR5 
(lane 2) and BPGR6 (lane 3) after purification on a heparin-sepharose 
matrix was performed as described for Figure 2 by using the anti-FHA 
12.1.9 monoclonal antibody (Delisse-Gathoye et al.> 1990). 

Figure 9. Western blot analysis of the culture supernatants and the proteins 
associated with the cells of the B. pertussis strains BPSM and BPGR60. 
The Western blot analysis of the proteins derived from the culture 
supernatants (lanes 1 and 3) or protein fractions associated with the cells 
(lanes 2 and 4) of the B. pertussis strains BPSM (lanes 3 and 4) and 
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BPGR60 (lanes 1 and 2) was performed as described for Figure 2 by using 
the anti-FHA 12.1.9 monoclonal antibody (Delisse-Gathoye et al., 1990). 

Figure 10. Western blot analysis of the culture supernatants and the proteins 
associated with the cells of the B. pertussis strains BPSM and BPGR60. 
The Western blot analysis of the proteins derived from the culture 
supernatants (lanes 1 and 3) or protein fractions associated with the cells 
(lanes 2 and 4) of the B. pertussis strains BPSM (lanes 1 and 2) and 
BPGR60 (lanes 3 and 4) was performed as described for Figure 2 by using a 
rabbit anti-Sm28GST antiserum. Lane 5 contains the purified recombinant 
Sm28GST. 

Figures 1 1A and 1 IB. Colonization of OF1 mice by B. pertussis BPGR60 
and Tohama I. The OF1 mice were infected by the nasal route with the B. 
pertussis strains Tohama I (open squares), BPGR60 (full circles), BPGR60 
and Tohama I (full triangles in A) or Tohama I then BPGR60 (full triangles 
in B). Three hours after infection, one group of mice was sacrificed and the 
number of viable B. pertussis per lung was estimated. The other groups of 
mice were analyzed one or more weeks after infection as shown in the 
Figure. 

Figures 12A and 12B. Determination of TNF and 11-6 of the mice infected 
by B. pertussis BPGR60. TNF (A) and 11-6 (B) were determined in the mice 
uninfected (healthy) or infected with B. pertussis BPGR60 3 h, 6h, 1 day, 3 
days or 7 days after infection. 

Figures 13A and 13B. Determination of anti-Sm28GST and anti-Fha IgA in 
the bronchoalveolar lavages of the OF1 mice infected by B. pertussis 
BPGR60. The OF1 mice were infected with B. pertussis BPGR60 by the 
nasal route. After infection, on the days indicated in the Figure, groups of 
mice were sacrificed and the anti-Sm28GST (A) and anti-Fha (B) IgA in 
their bronchoalveolar fluid were determined. On day 56 (in A) or 63 (in B), 
20 ug of Sm28GST (full triangles) or a further dose of B. pertussis BPGR60 
(full squares) were administered by the nasal route. 

Figure 14. Determination of IgA-Sm28GST complexes in the 
bronchoalveolar lavages of the mice treated as previously described in the 
legend to Figure 13. The quantity of complexes (hatched columns) is 
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shown in comparison with the free anti-Sm28GST (full columns) IgA and 
the total IgA (shaded columns). 

Figures 15A and 15B. Parasitic load observed after infestation by S. 
mansoni of OF1 mice previously immunized by BPGR60 and given a 
booster dose of free Sm28GST. The doses administered are identical with 
those used for the immunization experiments (Fig. 13). After 42 days the 
mice were sacrificed and the liver perfused for evaluation of the verminous 
load (A). The liver and intestines are chemically solubilized and the tissue 
eggs counted (B). Full column, untreated mice; hatched column, mice 
receiving only free Sm28GST on D63; shaded column, mice treated with 
BPGR60 (DO) and by free Sm28GST (D63). 
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EXAMPLES 

I. Complex en L*Uoa of the B. pertussis straw BPGR4 by a pbsmid 
derived from pBBRl raalajniog the fhaB gene. 

In order to discover whether it is possible to complement a 
chromosomal mutation of the fhaB gene by an autoreplicating plasmid we 
used the B. pertussis strain BPGR4 (Locht et al., 1992), a strain derived 
from the B. pertussis wild-type strain Tohama I in which the EcoRI 
fragment of 10 kb containing most of the reading frame of the fhaB gene 
and its promoter has been deleted from the chromosome by two successive 
homologous recombination events. This strain does not produce FHA. 
Moreover, the 10 kb EcoRI fragment isolated from pRIT13202 (Delisse- 
Gathoye et al., 1990) and containing most of the fhaB gene was cloned into 
the EcoRI site of the plasmid pBBR122. This plasmid is a derivative of 
pBBRl isolated from Bordetella bronchiseptica and described by Antoine 
and Locht (Antoine, R and Locht, C (1992) Mol. Microbiol. 6, 1785-1799). 
It contains a 1364 bp Hhal fragment derived from pBR328 (Soberon, X., 
Covarrubias, L. and Bolivar, F. (1980) Gene 9, 287-305) and conferring 
resistance to chloramphenicol inserted into the Pvul site as well as the 
commercial gene (Pharmacia) conferring resistance to kanamycin inserted 
at the Aval site at position 1388. 

The digestion of pBBR122 by EcoRI and the insertion of the fhaB 
gene in the form of the 10 kb EcoRI fragment inactivates the gene for 
chloramphenicol resistance but not that for resistance to kanamycin. The 
recombinant plasmid was called pBGl and was introduced into B. pertussis 
BPGR4 by electroporation. This new strain of B. pertussi s is called B. 
pertussis BPGR41. The analysis of the culture supernatants of B. pertussis 
BPSM, an Sm R derivative of the Tohama I strain (Menozzi et al., 1994), of 
B. pertussis BPGR4 and B. pertussis BPGR41 by means of SDS- 
polyacrylamide electrophoresis (SDS-PAGE) and staining with Coomassie 
blue (Fig. 1) as well as by Western blot by using rat polyclonal antibodies 
specific for the FHA show that pBGl can effectively complement the fhaB 
mutation of B. pertussis BPGR4. 
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II. Progressive deletions of the C-terminal region of FhaB. 

The primary product of the fhaB gene, i.e. the FHA precursor, is 
called FhaB. Since the N-terminal region homologous to the hemolysins 
ShlA and HpmA is important for the biogenesis of the FHA (Willems et al., 
1994), it was important to investigate the role of the C-terminal region of 
FhaB in the biogenesis of the FHA. Several deletions of the C-terminal 
region were obtained : pBG13 is the result of exchanging the 2.5 kb 
Sphl/BamFfl fragment of pBG4 for the 6 kb Sphl/BglH fragment of 
pRIT13202 (Delisse-Gathoye et al., 1990); pBG8 is the result of the 
insertion of the 4.7 kb BamHI fragment in pBG4 digested by BamHI; pBG4 
is the result of the digestion of pBGl by BamHI and of its religation, thus 
this plasmid has lost the two BamHI fragments of 4.7 kb and 2.37 kb; 
pBG12 is the result of exchanging the 2.5 kb Sphl/BamHI fragment of 
pBG4 for the 1.27 kb Sphl/BamHI fragment of pUC18-3, pUC18-3 was 
generated exchanging the 15 bp Sphl/Sall fragment of pUC18 for the 1.27 
kb SphI/ Sail fragment of pRIT13197 (Delisse-Gathoye et al., 1990); 
pBG15 is the result of the religation of the two Pvul fragments of 3.65 kb 
and 2.76 kb after digestion of pBG4 by Pvul„thus generating the deletion of 
the 1.9 kb Pvul fragment. The plasmids pBG13, pBG8, pBG4, pBG12 and 
pBG15 were introduced into B. pertussis BPGR4 by electroporation which 
generated the B. pertussis strains BPGR413, BPGR48, BPGR44, BPGR412 
and BPGR415, respectively. 

The culture supematants of these different strains were analyzed by 
SDS-PAGE and staining with Coomassie blue as well as by Western blot 
using rat anti-FHA polyclonal antibodies. The results are presented in Figure 
2 and show that in comparison with the B. pertussis strain BPSM and the R 
pertussis strain BPGR41, the strains BPGR413 and BPGR48 produce much 
less FHA in the culture supernatant. On the other hand, the strain BPGR44 
produces more of truncated and secreted FHA than the strain BPSM or the 
strain BPGR41. The strains BPGR412 and BPGR415 again produce less 
truncated FHA than the strain BPGR44, although the truncated FHA 
produced by BPGR412 is clearly visible in the culture supernatant. These 
experiments show that importance of the C-terminal region of FhaB in the 
biogenesis and/or secretion of the mature FHA, but they also show that a 
truncated FHA (for example in strain BPGR44) may be very efficiently 
secreted in the absence of the FhaB C-terminal region. 
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III. Importance of fhaC in the biogenesis of the truncated fHA encoded 
in pBG4 and secretion in Bordetella parapertussis . 

Since B. pertussis BPGR44 secretes the truncated FHA efficiently, it 
was important to know whether this secretion is always dependent on the 
product of thje fhaC gene. pBG4 was thus introduced into the B. pertussis 
strain BPMC (Locht et al., 1992). This strain was characterized by a 
chromosomal deletion of the entire fhaB gene and of the intergenic region 
between fhaB and the accessory genes downstream, including fhaC. Hence 
it expresses neither fhaB, nor fhaC, nor the fimBCD genes (also called 
fhaDAE). The analyses resulting from SDS-PAGE/Coomassie blue staining 
of the culture supernatants of the B. pertussis strain BPMC (pBG4), called 
BPMC4, show that this strain does not produce extracellular truncated FHA. 
These results (Fig. 3) thus show that the expression of the fhaC gene is 
necessary for the extracellular production of the N-terminal region of the 
FHA. The importance of the N-terminal region of the FHA homologous to 
the hemolysins ShlA and HpmA (Delisse-Gathoye et al., 1990) for the 
secretion of the truncated FHA was studied by generating the B. pertussis 
strain BPGR47. This strain is a derivative of BPGR4 transformed with 
pBG7. This plasmid is the result of exchanging the 2.5 kb Sphl/BamHI 
fragment of pBG4 for the Sphl/BamHI fragment of pUC18-5 which is itself 
the result of the insertion of the approximately 1.27 kb Sall/BamHI fragment 
of the pRIT13120 (Delisse-Gathoye et al., 1990) into pUC18-4 digested by 
Sail and BamHI. The plasmid pUC18-4 is the result of the digestion of 
pUC18-3 by PstI and the religation on itself. This construction leads to an 
in-phase deletion of a PstI fragment of about 460 bp coding for the region of 
the FHA which is homologous to the hemolysins ShlA and HpmA. The 
analysis of the strain BPGR47 by means of electrophoresis and Western blot 
(Fig. 3) shows that the homologous region is also necessary for the secretion 
of the truncated FHA, as for that of the complete FHA. 

In order to discover whether the truncated FHA could be produced 
and secreted by other species of the Bordetella genus, pBG4 was introduced 
into Bordetella parapertussis PEP (Nordmann, P., Francois, B., Menozzi, 
F.D., Commare, M.C. and Barois, A. (1992) Ped. Infect. Dis. J. 11, 248). 
The culture supernatant of the transformed strain was analyzed by means of 
SDS-PAGE and the result (Fig. 3) indicates that B. parapertussis can also 
secrete the N-terminal region of the FHA of B. pertussis , which 
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suggests that B. parapertussis also expresses an accessory gene which 
corresponds to fhaC. 

Finally, pBG4 was introduced into the B. pertussis strain BPSM and 
the analysis of the culture supernatant of the B. pertussis strain BPSM 
(pBG4), called B. pertussis BPSM4, shows that the production and 
secretion of the truncated FHA does not affect the production and secretion 
of the natural FHA and vice versa (Fig. 3). The system of secretion thus 
does not seem to be saturated by the expression of the fhaB gene. 

TV. Identfficfltion of the heparin biAding site and purification of the 
truncated FHA an hqparin-sepharase. 

THe FHA of B. pertussis can interact with heparin and be purified on 
heparin-sepharose (Menozzi et al., 1991). In order to know whether this 
interaction involves a site different from that which is responsible for the 
binding of the FHA to the CR3 integrins (Relman et aL, 1990) or that 
responsible for the binding of the FHA to other glycoconjugates (Prasad et 
al.> 1993), various DNA fragments covering altogether the entire fhaB 
region which codes for the mature FHA were expressed as a fusion with 
MalE (a "maltose-binding protein") by using the expression system 
marketed by New England Biolabs (Beverly, MA, USA). The various 
fragments expressed as a fusion with the gene coding for MalE are shown 
in Figure 4. All of the fusion proteins were purified by chromatography on 
an amylose resin from a total lysate obtained after sonication of about 600 
ml of a culture of Escherichia coli TGI transformed by the different 
recombinant plasmids. 

The recombinant proteins purified on amylose as well as MalE and 
the purified FHA were chromatographed on 3 ml of heparin-sepharose 
equilibrated with 100 ml PBS ("Phosphate Buffered Saline"). 40 ml of the 
different samples were adjusted beforehand to a concentration of 5 ng/ml 
in PBS + 5 mM maltose, loaded on to the heparin-sepharose column and 
washed with PBS + 5 mM maltose. The bound proteins were then eluted 
with PBS + 0.5 M NaCl. The quantity of proteins in the fraction retained 
and eluted with PBS + 0.5 M NaCl and that of the proteins not retained 
were compared to that of the total proteins loaded on to the column. The 
SDS-PAGE analysis of the different fractions was used to confirm that the 
proteins do indeed correspond to the expected fusion polypeptides. The 
results indicate that only fragment 2 (Fig. 4) codes for a polypeptide which 
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is significantly retained on heparin-sepharose. Since fragment 1 (Fig.4) does 
not code for a polypeptide retained on heparin-sepharose and since this 
fragment partially overlaps fragment 2, this suggests that the region of the . 
FHA which interacts with heparin is located between the residues 441 and 
863, in accordance with the numbering suggested by Delisse-Gathoye et al., 
(1990). This region contains most of the "A repeats" and two "B repeats" 
(Locht et al., 1993) suggesting that one or more of these "repeats" might be 
reponsible for the binding between the FHA and heparin. 

The truncated FHA produced and secreted by the B. pertussis strain 
BPGR44 contains the entire region encoded in the fragment 2 (Fig.4) and 
thus would be expected to bind to heparin. The culture supernatant of this 
strain was thus chromatographed on heparin-sepharose and eluted with PBS 
+ 0.5 M NaCl. The analysis by SDS-PAGE and staining with Coomassie 
blue of the different protein fractions shows that the entire truncated FHA 
produced and secreted by the strain BPGR44 is retained on heparin and can 
be purified on heparin-sepharose by a procedure identical with that used for 
the purification of the natural FHA (Menozzi et al., 1991). 

V. Production and secretion of heterologous peptides as a fusion with 
the truncated FHA in B. pertussis and purification on heparin- 
sepharose. 

The efficient system of secretion of the FHA in B. pertussis was then 
used to secrete heterologous peptides in this organism. The model peptide 
used in this example is that which corresponds to the region 190-21 1 of the 
28 kDa glutathione-S-transferase (Sm28 GST) of Schistosoma mansoni (Xu, 
C-B., Verwaerde, C., Gras-Masse, H., Fontaine, J., Bossus, M., Trottein, 
F., Wolowczuk, I., Tartar, A. and Capron, A. (1993) J. Immun. 150, 940- 
949). Two synthetic oligonucleotides with the following sequence : 
5' TA GGATCC GGGCCGGGGCCCGAAAATCTGTTAGCC 3' 
and 5' T AAGATCT CCCGGGCCCCGGGAAGGGAGTTGCAGG 3' were 
phosphorylated by standard methods (Sambrook, J., Fritsch, E.F.and 
Maniatis, T. (1989) Molecular Cloning : A laboratory manual, 2nd edition, 
Cold Spring Harbor Laboratories, Cold Spring Harbor, NY) and used to 
amplify the region coding for the peptide 190-21 1 by means of the PCR. 
After amplification, the fragment was digested by BamHI and Bglll and 
inserted into the BamHI site of pBG4. The recombinant plasmids were 
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analyzed by restriction in order to discover the orientation of the 
oligonucleotide insert. A plasmid containing the oligonucleotide insert in 
the sense of the expression of the FHA, called pNJl, was then purified and 
introduced into B. pertussis BPGR4 by means of eiectroporation. This 
recombinant strain is called BPNJ1 and its culture supernatant was 
analyzed by means of SDS-PAGE/Coomassie blue staining and Western 
blot by using polyclonal antibodies directed against the peptide 190-211 of 
Sm28GST. The results shown in Figure 5 indicate that the strain BPNJ1 
efficiently secretes the peptide 190-211 of Sm28GST as a fusion product 
with the truncated FH A and that this peptide retains its antigenicity. 

The culture supernatant of the BPNJ1 strain was then 
chromatographed on heparin-sepharose in the presence of PBS. The elution 
was performed in PBS + 0.5 M NaCl. The analysis by SDS-PAGE and 
staining with Coomassie blue shows that all of the fusion protein is 
retained on the column and may be eluted with PBS + 0.5 M NaCl. 

VI. Stability of pNIl im B. pertussis BPNJJL 

In order to determine the stability of pNJl in B. pertussis BPNJ1 , the 
strain was incubated on solid medium in the absence of antibiotics. After 4 
days of incubation at 37° C> 20 colonies were inoculated in liquid medium 
with and without kanamycin. After incubation for 4 days at 37° C, the count 
of colonies resistant to kanamycin in comparison to those which are not 
resistant to kanamycin indicates that all of the colonies had retained 
resistance, showing that pNJl is stable in B. pertussis BPNJ1 in the 
absence of selection pressure. The plasmid content of 6 resistant colonies 
was analyzed by a rapid method of analysis (Baulard, A., Bertin, P., 
Dartois, V. and Locht, C. (1994) Meth. Mol. Cell. Biol. 4> in press) and the 
result shows that all of the 6 colonies contained the pNJl plasmid. 

Five OF1 mice were then infected intr anas ally with B. pertussis 
BPNJ1. About 10 6 cfu ("colony forming units") per mouse were instilled 
nasally. After 7 days, the lungs of these mice were excised and the B. 
pertussis contained in the lungs were spread on a solid medium with or 
without kanamycin. After culture for 4 days at 37° C, the number of 
hemolytic bacteria resistant to kanamycin was compared to the number of 
hemolytic bacteria sensitive to kanamycin. The result shows that about 
95% of the bacteria had lost the resistance to kanamycin. 
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Taken together, these results show that pNJl is very stable in B. 
pertussis in vitro but relatively unstable in vivo . 

VII. Construction of the Bordetella pertussis strain BPGR5, producing 
the Sm28GST of S mansoni fused to the FHA. 

In order to determine whether a heterologous protein can be produced 
by fusion with the whole FHA, a fragment containing the entire cDNA of 
the Sm28GST together with its termination codon was fused to the reading 
frame of the fliaB gene so that this frame is interrupted just after the 
insertion of the gene coding for the Sm28GST. A 0.68 kb Bglll fragment 
containing the cDNA of the Sm28GST was amplified by PCR from the 
clone TG10, a derivative of the phage lambda gtlO (Pierce, R., Khalife, J., 
Williams, D., Kanno, R.. Trottein, F., Lepresle, T., Sabatier, J., Achstetter, 
T. and Capron, submitted for publication) by using the following 
oligonucleotides : 

5' TAAGATCTCCATGGCTGGCGAGCAT 3 5 and 
5' TAAGATCTCCGAGCTTTCTGTTG 3' 

After digestion of the amplified fragment by the enzyme Bglll it was cloned 
in the plasmid pRIT13202 (Delisse-Gathoye et al., 1990) previously 
digested by Bglll and dephosphorylated. The recombinant plasmid is called 
pUC8-A. After digestion of pUC8-A by EcoRI, the 10.68 kb fragment is 
inserted into the EcoRI site of the mobilizable plasmid pGR5, a derivative 
of the plasmid pSSl 129 bearing the 5' and 3' flanking regions of the fhaB 
gene (Locht et al., 1992). The resulting plasmid (called pGR53) is 
transferred into the E. coli mobilizing strain SI 7-1 for conjugation with B. 
pertussis (Simon, R., Priefer, U.and Puhler, A (1983) Bio/Technology I, 
784-791). 

In order to introduce the genetic construction in a directed manner to 
the fhaB chromosomal locus, the E. coli strain S17-1 (pGR53) is crossed 
with B. pertussis BPGR4. Since this strain lacks the major part of the fhaB 
structural gene, the homologous double recombination events are forced to 
the flanking regions of this gene. After conjugation, the two recombination 
events are selected successively on selective media as previously described 
(Antoine, R. and Locht, C. (1990) Infect. Immun. 58, 1518-1526). 

In brief, E. coli SI 7-1 (pGR53)(SmS, Gen R , NalS) is crossed on a 
solid Bordet-Gengou (BG) medium with B. pertussis BPGR4 (Sm R , GenS, 
Nal R ). After conjugation for 6 hours, the transconjugants are selected on a 
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selective medium (BG + gentamycin + nalidixic acid). The resistance to 
gentamycin is supplied by the plasmid pGR53 and that to nalidixic acid is 
borne by the chromosome of the B. pertussis strain BPGR4. About 50 
isolated colonies are then purified on the BG + gentamycin + nalidixic acid 
medium. In order to determine whether the Gen R clone has indeed been 
integrated into the plasmid pGR53, the transconjugants are replica-plated on 
the selective medium BG + streptomycin, then BG + gentamycin + nalidixic 
acid. The colonies having integrated the plasmid pGR53 are sensitive to 
streptomycin (the character of sensitivity to streptomycin being dominant to 
that of resistance). The Gen R SmS transconjugants are then spread on the 
selective medium BG + streptomycin to select for the second 
recombinational event corresponding to the excision of the integrated 
plasmid. If this "crossing-over" occurs at the same locus as the first time, 
the initial construction corresponding to the strain BPGR4 is found. If the 
second "crossing-over" takes place in the other recombinogenic region, the 
construction is integrated into the genome of B. pertussis . The excision of 
the plasmid having provided the construction is checked by the appearance 
of the Sm^-GenS phenotype. 

The candidate clones resistant to streptomycin and bearing the desired 
allelic exchange are identified by hybridization on colonies with a probe 
corresponding to the 0.68 kb Bglll fragment described above. The 
chromosomal integrity at the junction of the flanking regions is confirmed 
after analysis of the genomic DNA by Southern blot. 

The antigenicity of the heterologous fusion protein was demonstrated 
by Western blot analysis after separation by SDS-PAGE using a 10% gel. 
The protein fraction derived from the culture supernatant and that associated 
with the cells after growth of the recombinant bacteria in liquid culture in 
the Stainer-Scholte medium were analyzed. The fusion protein is identified 
in the protein fractions with polyclonal antibodies directed against the FHA, 
monoclonal antibodies directed against the FHA (Delisse-Gathoye et al., 
1990), rat polyclonal antibodies directed against the truncated FHA, rabbit 
polyclonal antibodies directed against the Sm28GST and rat polyclonal 
antibodies directed against the peptide 190-21 1 of the Sm28GST. The anti- 
FHA antibodies were exhausted previously against a total lysate of the R 
pertussis strain BPGR4 whereas the anti-Sm28GST antibodies were 
exhausted against a total lysate of the B. pertussis strain BPSM. 
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The fusion protein is detected in the protein fraction associated with 
the cells of the BPGR5 strain in which a protein band (doublet) slightly 
larger than the FHA reacts with both anti-FHA antibodies (Fig. 6) and anti- 
Sm28GST antibodies (Fig. 7). The genetic fusion is thus well expressed in 
this new heterologous expression system. Degradation products 
(characteristic of the FHA) are also observed in the protein fraction 
associated with the cells. However, no polypeptide is immunodetected in the 
crude culture supernatant, indicating that the fusion protein is not produced 
efficiently in a secreted form. 

When the B. pertussis strain BPGR5 is cultured for more than 48 
hours and the supernatant of this culture in the stationary phase is 
concentrated on a heparin-sepharose column, a secretion product is 
detectable (Fig. 8). It corresponds to a cleavage product of the fusion 
protein since it only reacts with the anti-FHA antibodies and not with the 
anti-Sm28GST antibodies. It thus seems probable that in this construction 
the portion of the Sm28GST molecule inserted at the end of the incomplete 
mature FHA remains attached to the inside of the outer membrane of the 
bacterium since it is not possible to release the complete fusion protein into 
the culture supernatant. 

VIII Construction of the B. pertussis strain BPGR6, producing a 
truncated Sm28GST of S. mansoni fused to the FHA. 

For better exposure of the heterologous antigen it seemed to us more 
judicious to conserve the region of the FHA downstream from the insertion 
of the Sm28GST molecule in order in this way to express the entirety of the 
precursor and facilitate the export of the fusion protein through the two 
membranes of B. pertussis . For this reason, the reading frame of the fliaB 
gene is conserved after the insertion of the antigen or heterologous peptide 
into the following constructions. 

For the construction of the B. pertussis strain BPGR6 we used a 
fragment containing three quarters of the cDNA of Sm28GST such that the 
reading frame of fhaB is maintained after insertion of the gene coding for a 
Sm28GST truncated by deletion of the C-terminus end of the gene. The 
gene coding for the truncated Sm28GST corresponds to the 0.5 kb Bglll- 
Bcll fragment. This fragment was isolated from the 0.68 kb Bglll fragment 
and digestion with Bglll and Bell. The 0.5 kb fragment was then inserted 
into the plasmid pRIT13202 (Delisse-Gathoye et al., 1990) digested by 
Bglll and Bell, thus eliminating 0.1 kb of the reading frame of fhaB. The 
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plasmid thus obtained is called pUC8-F. The 10.4 kb EcoRI fragment was 
then isolated from pUC8-F and inserted into pGR5 (Locht et aL, 1992) 
previously digested with EcoRI. The resulting plasmid pGR54 is then 
introduced into the E. coli strain SI 7-1. 

The E. coli strain SI 7-1 (pGR54) is then crossed with B. pertussis 
BPGR4 in order to integrate the construction in the chromosomal fhaB 
locus as described in Example VII. After selection of the recombination 
events and analysis by Southern blot, the B. pertussis strain BPGR6 is 
retained. This strain is thus a derivative of B. pertussis BPSM with a 
deletion of 0.1 kb in the fhaB gene and the chromosomal insertion at this 
locus of the gene coding for the truncated Sm28GST. 

The fusion protein is detected in the protein fraction associated with 
the cells of the strain BPGR6 in which a protein band slightly larger than 
the FHA reacts both with anti-FHA antibodies (Fig. 6) and anti-Sm28GST 
antibodies (Fig. 7) but less than the strain BPGR5. On the other hand ) 
when the supernatant of a stationary phase culture of the strain BPGR6 is 
concentrated on heparin- sepharose, a secretion product reacts with both the 
anti-FHA and the anti-Sm28GST antibodies (Figs 7 and 8), thus 
demonstrating that the fusion protein is secreted by BPGR6 and/or exposed 
at the surface of the outside of the bacterium. The efficiency of the 
secretion of the complete fusion protein remains low since the secreted 
product is cleaved to a large extent, as already observed for the strain 
BPGR5. 

IX. Ccmstmctia* of the BordeteMm p emrais strain BPGRfiO, 
producing m modified Sm2SGST of S mansonj fused to the FHA. 

The Sm28GST contains a cysteine possibly capable of forming a 
disulfide bridge. Now the presence of disulfide bridges may be a limiting 
factor in the efficient export of proteins into the culture supernatant of 
Gram-negative bacteria (Klauser, T.> Pohlner, J. and Meyer, T.F. (1990) 
EMBO J. 9, 1991-1999; Klauser, T., Pohlner, J. and Meyer, T.F. (1992) 
EMBO J. 1 1, 2327-2335). Hence we tried to produce a fusion protein 
between the FHA and a Sm28GST whose TGC codon coding for the 
cysteine (at position 140 in the protein) has been replaced by the AGC 
codon coding for a serine and in which the stop codon has been deleted. 
The resulting construction is hence such that the reading frame of fhaB is 
maintained after the insertion of the modified Sm28 gene. 
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The Bglll-Sall fragment of the gene coding for the Sm28GST 
modified at the cysteine codon was amplified by PCR ("polymerase chain . 
reaction") with the aid of specific primers complementary to these two 
regions of the gene. The sequences of the oligonucleotides used as primers 
of amplification are shown below : 

oligo 5' : 5' TA AGGATCC CCATGGCTGGCGAGCATATCAAG 3' and 
oligo 3' : 

5' CCT GTCGAC CCTTTCAGAGATTCGCTGATCATATTGAG 3' 
The 0.44 kb product of the PCR was digested with PstI and Sail and the 
0.28 kb fragment was cloned in the plasmid pUC7-28 digested beforehand 
with Pstl-Sall which generates pUC7-28*. The plasmid pUC7-28 is a 
derivative of pUC7 digested with BamHI (removal of the internal PstI and 
Sail sites in pUC7) and ligated to the 0.64 kb Bam HI fragment derived 
from the amplification by PCR of the entire cDNA coding for the 
Sm28GST. This amplification by PCR was performed with the following 
oligonucleotides : 

oligo 5' : 5' TAA GGATCC CCATGGCTGGCGAGCATATCAAG 3' 
oligo 3' : 5' TA AGGATCC CGAAGGGAGTTGCAGGCCTGTT 3* 
The sequences of the BamHI linkers were chosen so that these restriction 
sites are compatible on each side with the reading frame starting at the Bglll 
site of the fhaB gene. The BamHI fragment of the plasmid pUC7-28* is thus 
isolated and cloned at the Bglll site of the plasmid pRIT 13202 which 
generates the plasmid pUC8-928*. This plasmid is then digested by EcoRI 
and the EcoRI fragment is introduced into the plasmid pGR5 previously 
digested with EcoRI. The resulting plasmid pGR540 is then introduced into 
the E. coli strain SI 7-1. 

The E. coli strain S17-l(pGR540) is then crossed with B. pertussis 
BPGR4 in order to integrate the construction into the chromosomal fhaB 
locus as described in Example VII. After selection for the two 
recombination events and analysis by Southern blot, the B. pertussis strain 
BPGR60 is retained. This strain is thus a derivative of B. pertussis BPSM 
containing the chromosomal insertion of the gene coding for the modified 
Sm28GST at the Bglll site of the fhaB gene. 

In the B pertussis strain BPGR60, the fusion protein is clearly 
visualized in the protein fraction associated with the cells in which a protein 
band reacts with both anti-FHA antibodies (Fig.9) and anti-Sm28GST 
antibodies (Fig. 10). In the crude supernatant polypeptides reacting only 
with the anti-FHA antibodies are observed (Fig. 9). When the 
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supernatant of a stationary phase culture of this strain BPGR60 is 
concentrated on heparin-sepharose, a secretion product revealed by both 
the anti-FHA and anti-Sm28GST antibodies is detected. This recognition is 
very similar to that of the strain BPGR6. The fusion protein is thus secreted 
and/or exposed at the outside surface of the bacterium. However, the 
efficiency of the secretion of the complete fusion protein remains low and 
here, too, the secreted product is cleaved to a large extent. 

X. Study off the cbbaaiausm off recombinant B. pertussis strain 
BPGR60 in the mouse after adnunistratian by the nasal route. 

In order to study the colonization of the recombinant strain BPGR60 
in the OF1 mouse (impure strain, female mice aged 4 weeks), 5 x 106 
bacteria in suspension in PBS (cells scraped from a culture on solid 
medium Bordet Gengou with defibrinated sheeps* blood (BG); Bordet, J. 
and Gengou, O. (1906) Ann. Inst.Pasteur (Paris) 20, 731-741) were 
instilled into the nose in a volume of 25 \il per nostril under pentobarbital 
anesthesia. The lungs of 4 to 7 mice were excised 3 hours after instillation 
then at 7, 14, 21 and 28 days after instillation. The lungs were 
homogenized in 5 ml PBS, then the bacteria were counted after spreading 
of the homogenate on the BG solid medium containing 100 jig /ml 
streptomycin and 25 lig/ml nalidixic acid (BGS100N25). 

As show in Figure 11A (full circles), a colonization of the lungs is 
observed up to day 7, which is then followed by a fall until day 28 when 
practically all of the bacteria have been eliminated. The kinetics of 
colonization of BPGR60 is similar to that observed with the wild-type 
strain BPSM (open squares) except that in this experiment this latter was 
not completely eliminated 28 days after instillation. 

In the case in which the mice first received the strain BPGR60 and 
then were given the virulent strain BPSM, the wild-type strain no longer 
exhibits a growth phase and its elimination is then accelerated (full 
triangles). 

The colonization of the strain BPGR60 was also studied in the 
mouse infected beforehand with the wild-type strain Tohama I. Thus, 28 
days after the instillation of Tohama I, the mice received a dose of 
BPGR60 and the number of bacteria contained in their lungs was 
evaluated. In this case no growth phase of the BPGR60 strain is observed 
during the 7 days following the administration (Figure 11B, full triangles). 
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On the other hand, the fall in the number of bacteria with time was more 
rapid than that observed 7 days after the administration of BPGR60 in the 
naive mouse. 

These results thus indicate that the recombinant strain behaves in vivo 
like the wild-type strain and that a prior infection by one of the two strains 
prevents the efficient colonization of the respiratory mucosa by the other 
strain. 



XI. Study of the production of inflammatory cytokines subsequent to 
the nasal administration of the recombinant B. pertussis strain 
BPGR60 in the OF1 mouse. 

The presence of certain micro-organisms or even microparticles can 
cause inflammatory reactions of the pulmonary mucosa related to the 
presence of cells capable of producing, after stimulation, factors such as the 
"tumor necrosis factor" (TNF-a) or interleukin-6 (H-6). The two cytokines 
are usually produced locally and can be determined in the bronchoalveolar 
lavages. In some severe cases these factors may be detected in the serum. 

As previously, 5 x 10 6 bacteria of the recombinant strain BPGR60 
suspended in PBS (cells scraped from a culture on solid BGS100N25 
medium) were instilled into the nose of the OF1 mouse in a volume of 25 jal 
per nostril under pentobarbital anesthesia. Mice receiving silica particles or 
PBS were used as controls. After 3, 6, 24 hours, then 3 and 7 days, bleeding 
and bronchoalveolar lavage were performed (5 mice per point). 

Although no trace of TNF-a and 11-6 was detected in the circulating 
blood even after more than 7 days, significant quantities of the two 
cytokines were found in the bronchoalveolar lavages (Figure 12). 

The production of TNF seemed to be immediate since the maximal 
level of secretion was attained even at three hours after injection. Stable 
upto at least 6 hours after injection, the quantity of TNF-a was practically 
zero 24 hours after and remained negligible upto day 7. 

The production of 11-6, very low the first three days, increased 
considerably on day 3, then returned to the normal level on day 7. 

It seems thus that the administration of BPGR60 induces a localized 
inflammatory reaction, which is demonstrated by the increase of TNF and II- 
6. This increase in the secretion of inflammatory cytokines was transient 
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since normal levels of these cytokines were found in the lungs 7 days after 
instillation. 

XDL Ifff«Mtf» response after administration off the recombinant B, 
pertussis strain BPGR60 by the nasal roote in the OF1 mouse 

Four weeks old female OF1 mice received 5 x 10*> bacteria in PBS 
suspension (cells scraped from a culture on solid BGS100N25 medium) in 
a volume of 25 pi per nostril under pentobarbital anesthesia. The immune 
response was evaluated in the blood and in the bronchoalveolar fluid 28, 
35, 42, 49 and 56 days alter administration. On day 56 some of these mice 
were then restimulated by a further injection of the strain BPGR60 (same 
conditions) or by 20 \ig of purified recombinant antigen (Sm28GST 
produced in E. coli) by the nasal route. The immune response was then 
analyzed at days 70 and 77. This immune response was compared either to 
that of healthy mice raised under the same conditions or to that of mice 
having received only the recombinant antigen. 

The results obtained in this example show us that only a serum 
response of the IgA type specific for the Sm28GST antigen is observed. 
This anti-Sm28GST response, which thus elicits no antibody of the IgG 
class t is observed 56 days after the first injection. The booster (D63) only 
induces the persistence of this specific IgA serum response. On the other 
hand, a strong anti-Fha response was detected. This response, observable 
from day 28 after administration, was maximal after 42 days and exhibited 
a plateau at the time of the booster. The booster by the strain BPGR60 (on 
D63) had no effect on this anti-Fha response, which had already attained its 
maximum. 

The booster with the free protein Sm28GST by the nasal route 
causes a high production of IgG2a and IgG2b after 8 days. Fifteen days 
after this booster a strong anti-Sm28GST serum antibody response 
exhibiting the following isotypes IgGl, IgG2aJgG2b and IgA, is obtained. 

The booster with the strain BPGR60 or the recombinant protein 
Sm28GST caused a slight increase in the quantity of anti-Fha secretory 
IgA 7 days after the second administration but the change was not 
significant. By day 77 (14 days after the booster) the anti-Fha level had 
fallen in the two groups. 

On the other hand, the booster with BPGR60 induced an increase of 
the quantity of secretory antibodies specific for the Sm28GST 7 days 
afterwards which diminished 14 days afterwards. The booster with the 
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recombinant protein caused a strong increase of the level of specific 
secretory IgA greater than that obtained with the strain BPGR60 but quite 
heterogeneous. This increase of anti-Sm28GST IgA did not last since from 
day 14 this level fell and returned to the values obtained just before the 
booster. 

The study of antigen-antibody complexes of the IgA-Sm28GST type 
was conducted in the bronchoalveolar lavages before and after the booster 
with the strain BPGR60. The results obtained and presented in Figure 14 
show us that a large proportion of the anti-Sm28GST IgA exist in the form 
of complexes. This example shows us that the use of BPGR60 as booster 
formulation is perfectly suited to the production of a booster effect of the 
imune response towards the foreign antigen. 

No production of anti-Sm28GST or anti-Fha IgA antibodies was 
detected in the bronchoalveolar secretions of mice having received only the 
Sm28GST as booster. 

The administration by the nasal route of the strain BPGR60 
expressing the Sm28GST is thus capable of inducing a secretory immune 
response towards this antigen. This antibody response may be ampified by 
the booster either with the recombinant strain or with the Sm28GST alone. 
This type of vaccination could doubtless be improved by delaying the time 
interval between the immunization and the booster ( example : 90 days 
instead of 56). The quantities of bacteria and the dose of proteins may be 
considered to be optimal. 

X1IL Study of the protectee dffect of the immunization with KPGRfiO 
on the parasite load of mice infected with 5; manmni 

Prior to the infection, female OF1 mice were immunized according 
to the protocol indicated in the previous example and received a booster of 
the free protein (D63). Fifteen days after the booster, these mice were 
infested with 80 cercaria (transcutaneous route, abdomen). The parasite 
load was then evaluated 42 days after infestation by the verminous load 
and by the load of hepatic and intestinal eggs. The results obtained are 
compared to those obtained in the same experiment performed on untreated 
mice or mice having received only an injection of Sm28GST as booster. 

Whereas the injection of Sm28GST alone does not cause significant 
effects on the parasitic load, the immunization with the aid of the strain 
BPGR60 induces a significant protection against the infection with S. 
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mansoni whether assessed as verminous load (Fig. 15A) or number of eggs 
(Fig. 15 B). This result indicates that a recombinant strain of B. pertussis 
expressing a foreign protein fused to the Fha possesses vaccinating 
properties. 

XIV. Production mod secretion off the truncated FHA in re«-fc«TiHiin 
cob 



To permit the secretion of the truncated FHA in E. colL the genes 
coding for the accessory protein FhaC and the protein FHA44 (coded 
initially by pBG4) were placed under the control of the tac promoter in 
order to take advantage of a regulable expression and to eliminate the 
regulatory system for the expression of FHA in B. pertussis . The 2.3. kb 
Bell fragment of pRIT12990 (Delisse-Gathoye et al.,1990) containing the 
3* end of the fimD gene and all of the fhaC gene was cloned in pQE32 
(Qiagen, Hilden, Germany) previously digested with BamHl so as to 
generate a translational fusion between the sequence of the vector coding 
for a polyhistidine motif and the 3* emd of fimD. As a result of this 
arrangement, the transcription of this hybrid gene and fhaC is under the 
control of the tac promoter inducible with IPTG. Moreover, the translation 
of the two genes, the 3* end of the first of which overlaps the 5* end of the 
second, may occur in a coupled manner. This plasmid is called pFJD6. A 
liquid culture of E. coli XLI blue transformed by this plasmid is treated 
with 1 mM IPTG for two hours after having attained an absorbance of 0.8 
at 600 nm. The cells were then harvested, lysed by sonication and the cell 
membranes are obtained by ultracentrifugation (15°C, 60 min 100,000 x g) 
of the clarified sonicate. Extraction with sarkosyl (1%) selectively 
solubilizes the cytoplasmic membrane and a second ultracentrifugation 
(15°C, 60 min 100, 000 x g) leads to the isolation of a fraction enriched in 
proteins of the outer membrane. Their analysis by polyacrylamide gel 
electrophoresis in the presence of SDS and' immunoblotting with a 
polyclonal serum directed against FhaC shows that a protein of the same 
size as FhaC of B. pertussis is present in these extracts whereas the 
untransformed strain does not possess it. These observations indicate that 
E. coli is capable of producing and correctly localizing FhaC in the cell. 

The EcoRI-BamHI fragment coding for the truncated FHA (called 
FHA44) of pBG4 was cloned into the same sites of the vector pMMB91 
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(P.J. Fiirste, W. Pansegrau, R. Frank, H. Blocker, P. Scholz, M. 
Bagdasarian and E. Lanka, Gene 48, 1 19-131, 1986) under the control of 
the tac promoter. The resulting plasmid, pFJD9, was introduced by ' . 
transformation into the E. coli strains XL1 blue and UT5600 (this latter does 
not produce the envelope protease OmpT), alone or in trans with pFJD6. 
The two plasmids possess compatible origins of replication and different 
resistance markers. An immunoblot performed on colonies possessing the 
two plasmids subcultured on solid medium containing 50 jaM IPTG shows 
that the surface of the cells is recognized by an antiserum directed against 
the truncated FHA whereas no reactivity is detected at the surface of the 
cells possessing only one of the two plasmids. On the other hand, the 
fractionation of the cells and the analysis of the proteins by immunoblotting 
with the same antiserum does not lead to the detection of a protein band 
corresponding to FHA44, which suggests that the protein is produced at low 
levels or degraded to a large extent. In liquid culture detectable quantities of 
truncated FHA are not produced in the culture supernatant or in association 
with the cells either. 

The extreme amino-terminal region of FHA hardly possesses the 
properties of a classical signal peptide and could hinder the efficient 
secretion of FHA in E. coli . Various constructions were made in order to 
add to them a pre-sequence coding for the signal peptide of the pre-protein 
preOmpA of E. coli . This pre-sequence was grafted on to three different 
sites of the 5' region of the truncated flia gene. The 5' region of the gene 
was amplified by PCR starting from the plasmid pRIT13130 (Delisse- 
Gathoye et al., 1990) by using the oligonucleotide : 

5 '-3' TTTAACCGAT GCGGCCGC CGTTG 3' which contains a Not 1 site 
(underlined) and each of the three olidonucleotides (5 '-3') 
TAT AAGCTT CGAACCTGTACAGGCTGGTC, 
TCAAAGCTTCGCGTGGTCAAGCGCGAAG and 
ATT AAGCTT CCCAGGGCTTGGTTCCTCAG, containing Hind3 sites 
(underlined). The 100 bp Xbal-BamHI fragment of pIN-OmpAIII-Hind (F. 
Rentier-Delrue, D. Swennen and J. Martial, Nucleic Acid Res.16, 8726, 
1988) containing the preOmpA pre-sequence was cloned in pACYC184 to 
give the plasmid pECl. The three PCR products of 615 bp, 520 bp and 410 
bp were then purified and digested by Not land Hind3 and each of them was 
used in a ligation to three partners with pECl restricted by Hind3 and 
BamHI and the 2 kb Notl-BamHI fragment of pRIT13197 coding for the 5' 
region of FHA44 (Delisse-Gathoye et al., 1990). The resulting three 
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plasmids, pECll, pEC12 and pEC13 were digested with Xbal, the site was 
filled in by the Klenow enzyme and the plasmids were redigested by 
BamHI. The DNA fragments containing the chimeric preOmpA-fha44 
genes were cloned into the EcoRI sites (filled in with Klenow) and BamHI 
of pMMB91. The resulting plasmids, pFJDll, pFJD12 and pFJD13, 
encode chimeric genes whose products are fusion proteins in which the 
first 2, 33 and 71 amino acids, respectively, of FHA are replaced by the 18 
amino acids of the signal peptide of preOmpA. The plasmids were 
introduced into the strain UT5600 alone or in trans with pFJD6 and the 
expression of fhaC and chimeric genes were induced by the addition of 
IPTG to the liquid cultures when they had reached an absorbance of 1 at 
600 nm. The cultures were incubated for three hours in the presence of 
IPTG (1 mM final). FKA44 is detected by immunoblotting after 
polyacrylamide gel electrophoresis in the presence of SDS in the culture 
supernatants derived from the strains expressing Fhac. The production of 
FHA44 is quite low in the strains UT5600 (pFJD6, pFJDll) and UT5600 
(pFJD 13, pFJD6) but markedly higher in the strain UTS 600 (pFJD 12, 
pFJD6) which contains the chimeric gene of intermediate length. The 
production of FHA44 in the supernatant of this strain is estimated by 
ELISA and immunoblotting to be about 20% of the production of the 
truncated FHA in B. pertussis (BPGR44). On the other hand, the other two 
strains secrete 8 to 10 fold less of FHA44 than the strain UT5600 (pFJD12, 
pFJD6). In the absence of FhaC, the secretion is negligible for UT5600 
(pFJDll) and UT5600 (pFJD13) and very low for UT5600 (pFJD12), 
which indicates that the truncated FHA is secreted in E. coli by its 
accessory protein and is not released non-spectfically. FHA44 secreted by 
E. coli has the same size as that of B. pertussis and it can be purified under 
the same conditions by affinity chromatography on heparin-sepharose. The 
sequencing of the amino-terminal domain of the two proteins shows that 
they undergo the same amino-terminal maturation. 

This example shows that it is possible to cause the truncated FHA 
indistinguishable from that produced by B.' pertussis to be secreted 
efficiently in other Gram-negative micro-organisms, pathogenic or non- 
pathogenic, with the transfer of the secretion apparatus -FhaC seems 
sufficient - and the remodelling of the amino-terminal region of the FHA. 
It is hence probable that it will possible to use similar constructions to 
express and secrete the complete or truncated FHA provided that the 
secretion sequences are functionally present. This technology is also 
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capable of being extended to other Gram-negative bacteria, such as 
Salmonella, Vibrio and others. 
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1. Recombinant DNA containing a sequence (1) coding for a polypeptide 
heterologous with respect to a filamentous hemagglutinin of Bordetelia 
(Fha) fused in the same reading frame with a sequence (2) placed upstream 
from the first, this sequence (2) coding for at least a part of the precursor of 
the Fha, this part comprising at least the N-terminal region of a truncated 
mature Fha protein which contains the site of interaction of the Fha with 
heparin, on the one hand, and which when this latter is itself placed alone 
under the control of a promoter recognized by the cellular polymerases of 
B. pertussis and introduced into a B. pertussis cell culture is expressed in 
this culture under the control of this promoter and excreted in to the culture 
medium of these cells, on the other. 

2. Recombinant DNA according to Claim 1, characterized in that the Fha is 
a Fha of B. pertussis . 

3. Recombinant DNA according to Claim 1 or 2, characterized in that the 
sequence (2) codes for the mature Fha protein. 

4. Recombinant DNA according to Claim 1 or 2, characterized in that the 
sequence (2) results from truncation of the sequence coding for the mature 
Fha protein on its C-terminal side. 

5. Recombinant DNA according to any one of the Claims 1 to 4, 
characterized in that it comprises additionally a sequence (3) upstream 
from the sequence (1), this sequence (3) corresponding essentially to the 
truncated part of the mature protein, preferably supplemented by the signal 
sequence of the precursor. 

6. Recombinant DNA according to any one of the Claims 1 to 4, 
characterized in that the sequence (2) comprises the excretion signals of the 
sequence coding for the Fha and the N-terminal domain homologous to the 
N-terminal domains of the hemolysins ShlA and HpmA of Serratia 
marcescens and Proteus tni rabilis . 

7. Recombinant DNA according to Claim 4 or 6, characterized in that the 
extension of the sequence (2) towards its C-terminus will not to exceed the 
length which would cause the transformation of B. pertussis with this 
recombinant DNA then placed under the control of a promoter capable of 
being recognized by B. pertussis to no longer permit the direct excretion of 
the recombinant protein then formed into the culture medium of this B. 
pertussis. 
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8. Recombinant DNA according to Claim 6 or 7, characterized in that the 
sequence (2) extends between the ATG corresponding to the initiation 
codon for the translation of the Fha to a C-terminal nucleotide beyond 
nucleotide 907 in the direction of the translation and preferably not beyond 
the position 6922. 

9. Recombinant DNA according to Claim 8, characterized in that it no 
longer reacts with anti-Fha antibodies more particularly directed against 
the epitopes of the C-terminal part of the mature Fha, located beyond the 
nucleotide site 2841 in the sense of translation. 

10. Recombinant DNA according to any one of the Claims 1 to 8, 
characterized in that the polypeptide encoded in the sequence (2) contains 
at least a specific attachment site of the Fha to the mucosa. 

11. Recombinant DNA according to any one of the Claims 1 to 10, 
characterized in that the sequence (1) codes for a polypeptide having 
vaccinating properties against a given pathogenic agent. 

12. Recombinant DNA according to any one of the Claims 1 to 1 1 , 
characterized in that it also contains a promoter recognized by the 
polymerases of a cell transformable with a vector containing the 
recombinant DNA in question and allowing the expression of die 
sequences (1) and (2) provided that an accessory gene of the fhaC type is 
also expressed in this cell. 

13. Recombinant DNA according to Claim 12, characterized in that the 
promoter is a promoter recognized by the polymerases of a bacterium of 
the Bordetella species, in particular B. pertussis , which in the natural 
product regulates the expression of the Fha protein. 

14. Culture of prokaryotic cells, in particular bacteria, transformed by a 
recombinant DNA according to Claim 11 or 12, characterized in that the 
promoter of the recombinant DNA is recognized by the polymerases of 
said prokaryotic cell. 

15. Culture according to Claim 14, characterized in that the cells belong to 
a Bordetella species, in particular B. pertussis , and that they are also 
carriers of a fhaC gene expres sable in these cells. 

16. Culture according to Claim 14, characterized in that the cells belong to 
a bacterial species other than Bordetella and that they also contain a 
sequence coding for at least a part of FhaC necessary for the expression of 
the sequence (2), in a form also expressable within the cells of this culture. 

17. Cell culture according to Claim 16, characterized in that its cells belong 
to the species E, coli . 
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18. Cell culture according to any one of the Claims 14 to 17, characterized 
in that the recombinant DNA is incorporated in the chromosomal DNA of 
said cells. 

19. Culture of cells according to any one of the Claims 14 to 18, 
characterized by the exposure of the expression product of the sequence (1) 
at their surface. 

20. Culture according to any one of the Claims 14 to 19, characterized in 
that the sequence (2) contains at least one attachment site for the Fha to the 
mucosa or to eukaryotic cells, particularly to macrophages or epithelial 
cells. 

21. Cell culture according to Claim 20, characterized in that it is detoxified 
or attenuated. 

22. Immunogenic composition directed against a defined pathogenic agent 
and characterized in that it contains as active principle cells of the culture 
according to any one of the Claims 18 to 21 in which the sequence (1) 
codes for an antigen characteristic of this pathogenic agent. 

23. Recombinant protein constituted by the expression product of the 
recombinant DNA according to any one of the Claims 1 to 13. 

24. Recombinant protein according to Claim 23, characterized by the fact 
that it comprises at least one of the attachment sites of the Fha protein to 
the mucosa. 

25. Recombinant protein according to Claim 24, characterized in that the 
expression product of the sequence (1) codes for a polypeptide having 
vaccinating properties against a given pathogenic agent and in that the 
expression product of sequence (2) contains an attachment site of the Fha 
to the mucosa or to eukaryotic cells, particularly macrophages or epithelial 
cells. 

26. Vaccinating composition containing the cell culture of Claim 22 or the 
recombinant protein of Claim 25 , characterized in that it exhibits the 
mucosal immunogenicity of the Fha, particularly for administration by the 
nasal route. 

27. Process for the production of a recombinant heterologous protein 
containing a defined polypeptide sequence characterized by the 
transformation of a culture of prokaryotic cells with a vector containing a 
recombinant DNA according to any one of the Claims 1 and 6 to 13, said 
prokaryotic cells also containing a nucleotide sequence coding for FhaC in 
a form capable of being expressed in it or also having been transformed to 
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this end, followed by the culture of these cells and the recovery of the 
product excreted by the cells of this culture into their medium. 

28. Process according to Claim 27, characterized in that said prokaryotic 
cells are Bordetella, in particular of the B. pertussis type. 

29. Process according Claim 27 or 28, characterized by the additional 
purification of the excretion product by placing the culture medium in 
contact with heparin immobilized on an insouble support and by the 
recovery of the purified recombinant protein by dissociation of the 
complex which it formed with heparin. 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT. 

(A) NAME: INSTITUT PASTEUR 

(B) STREET 25-28, rue du Dr. Roux 

(C) CITY: PARIS 

(E) COUNTRY: FRANCE 

(F) POSTAL CODE (ZIP): 75724 CEDEX 15 

(A) NAME: INSTITUT PASTEUR DE LILLE 

(B) STREET: 1, rue du Professeur Calmette - B.P. 245 

(C) CITY: LILLE 

(E) COUNTRY: FRANCE 

(F) POSTAL CODE (ZIP): 59019 

(A) NAME: INSTITUT NATIONAL DE LA SANTE ET DE LA 

RECHERCHE MEDIC ALE 

(B) STREET. 101. rue de Tolbiac 

(C) CITY" PARIS 

(E) COUNTRY: FRANCE 

(F) POSTAL CODE (ZIP)* 75654 CEDEX 13 

(ii) TITLE OF INVENTION: PROTEINES RECOMBIN ANTES DE L'HEMAGGLUTININE 

FILAMENTEUSE DE BORDETELLA, NOTAMMENT BORDETELLA 
PERTUSSIS, PROCEDE POUR LEUR PRODUCTION ET LEURS 
APPLICATIONS A LA PRODUCTION DE PROTEINES ETRANGERES ... 

(iii) NUMBER OF SEQUENCES: 12 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER- IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 

(v) CURRENT APPLICATION DATA: 
APPLICATION NUMBER: PCT/FR 95/00512 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: FR 9404661 

(B) FILING DATE: 19-APR-1994 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
TAGGATCCGG GCCGGGGCCC GAAAATCTGT TAGCC 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
TAAGATCTCC CGGGCCCCGG GAAGGGAGTT GCAGG 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
TAAGATCTCC ATGGCTGGCG AGCAT 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TAAGATCTCC GAGCTTTCTG TTG 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 5: 
TAAGGATCCC CATGGCTGGC GAGCATATCA AG 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CCTGTCGACC CTTTCAGAGA TTCGCTGATC ATATTGAG 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
TAAGGATCCC CATGGCTGGC GAGCATATCA AG 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TAAGGATCCC GAAGGGAGTT GCAGGCCTGT T 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
TTTAACCGAT GCGGCCGCCG TTG 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10* 
TATAAGCTTC GAACCTGTAC AGGCTGGTC 
(2) INFORMATION FOR SEQ ID NO: 1 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
TCAAAGCTTC GCGTGGTCAA GCGCGAAG 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 
ATTAAGCTTC CCAGGGCTTG GTTCCTCAG 



Fax en is par : 33 1 4Z 66 88 98 GUTMANN PLASSERAUD 85/89^97 16:86 Psr: 2/3 

£60-is - * Nl*onaVano*frfyeP.C.(l2/95) 

' . . RULE 63 (37 C.F.R. 1.63) 

DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLfCATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

As a below named invsntor, I hereby declare that my residence, pott office address and citizenship are a» atated below next to my name, and I believe I am the 
original, first and sols Inventor (If only one name fa fisted below) or an original* nrat and joint Inventor (IT plural names are listed below) of the $ub|ect matter 
which J» claimed and for which a patent la sought on the Invention entitled: 

RECOMBINANT PROTEINS OF FILAMENTOUS HAE M AGGLUTININ OF BORD6TELLA, PARTICULARLY BORDETELLA PERTUSSIS, METHOD 

FOR PROPUCINO SAME. AND USES THEREOF FOR PRODUCING FOREIGN PROTEINS OR VACCINATING ACTIVE PRINCIPLES 

the specification of which (check applicable box(s)): 
□ la attached hereto 

QJ wee filed on 9 January 1997 aa U,S. Application Serial No. 08/766 1 387 (Atty Dirt. No. 930-25} 

B wee Wad aa PCT international application No. PCT/FR8S/O0S12 on 19 April 1W 

and (If applicable to U.S. or PCT application) No, was amended on 



I hereby state that I have reviewed and understand the contents of the above Identified specification, Including the claims, as amended by any amendment 
referred to above. I acknowledge the duty to disclose Information which to material to the patentability of this application in accordance with 37 C. F.R 1 56. I 
hereby claim foreign priority benefits under 35 U.S.C. 1 1 9/395 of any foreign application^) for patent or Inventor's certificate listed below and have also 
Identified below any foreifln application for patent or Inventor's certificate having a Tiling date before that of the application on which priority Is claimed or. If no 
priority is claimed, before the filing date of this application: 
Priority Foralgn Application^): 

"pplicetion Number Country Day/Month/Year Filed 
9404961 France m 19 April 1994 

I hereby cMm the benefit under 35 U.S.C. $1 1 9(e) of any United States provisional appHcatlonCs) listed below. 
Application Number Date/Month/Year Filed 



,4. hereby claim the benefit under 35 U T S,C. 1 207365 of all prior United States end PCT International application* listed above or below and, insofar as the 
Subject matter of each of the claims of this application Is not disclosed In such prior applications In the manner provided by the first paragraph of 35 U,$,C. 
0^1 2, 1 acknowledge the duty to disclose malarial information ae defined in 37 C.F.R. 1 .55 which occurred between the filing date of the prior applications and 
ilthe national or PCT international filing data of this application: 



Prior U-S./PCT ApplJcatlon(s); 
^implication Serial No. 
!:PCT7FR99/00d1Z 



Day/MonthTYeer Filed 
19 April 1990 



Status: patented 
pending, abandoned 



£ Thereby declare that all statements made herein of my own knowledge are true and that all statements made on Information and belief are believed to be true; 
aVrd further that these statements were made with the knowledge that willful false statements and the Hke eo made are punlehable by Tine or imprisonment, or 
a both, under Section 1 001 of Title 1 9 of the United States Code and that such willful false statements may Jeopardize the validity of the application or any patent 
f issued thereon. And I hereby appoint NIXON & VANDERHYE P.O., 11Q0 North Glebe Rd., 8 th Floor, Arlington. VA 22201-4714, telephone number (703) 
$16-4000 (to whom all communications ere to be directed), and the following attorneys thereof (or the same address) Individually end collectively my 
vSttofneys to prosecute this application end to transact all business In the Patsnt and Trademark Office connected therewith and wtth the resulting patent R T ^ *S 
IJrawtord JSazzUarty 5, Nixon, ^25640; Robert A VandBrhye . 27078: Ja mes T. Hosmer 1 3Q154JJobert W. Farisji3§2; Richard G. Besha^JZZZgLi^ark 
L^'usbaum^^g^gJWichael J. Kqgnsn ,321 06; Bryan H. Davidso n, 30251 ; St anlay C. Spoariai^ 27333; Leonard Q. MKchard^SOgSi^puane W. Byers, 33363; _ 

J. Henon, 33626; Jeff rv K Nelso n, 30481; John R. Lastova f J 33149; H . Warren gumam , 2336$; Tho mas E. Bvrn e. 32205: Marv J. Wilson. 329^1 ^ 
dSbott Dav)deon i 3a4K^lan M. Kagenf3g313ffi|#ni J. ^rim n^TSoTTRo bert A. Molan. 23834; 6. J. Sadpff. 36063 
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2. 



Inventor's Signature: 
Inventor: 

Residence: (city) 
Poet office Address: 
(Zfp Code) 

Inventor's Signature; 



^0 



3^ 



Residence: (cKy) 

Poet Office Addreee: 
(Zip Code) 

Inventor's Signature: 
Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 




Date: 



LOCHT 



(nrsi) 
Wannehafn 



14, rue du Vert Pre, Wannehaln ? France 



(last) — 
(statetoountry) France 



Beige 

(citizenship) 



Cenavlevf 



Date; 



JdESL 



(«*) 



m 



KENAULP 



24, rue du Commandant Ayasse, Lyon. France 



(ftlte/country) ( France /^)C 



Beige 



(cl 



*9007 




58. rue du Capitalne JASMIN, Phalempln, Franca 



89137 



FOR ADDITIONAL INVENTORS, check box £3 and attach shevt with same Information and signature and date for each* 



Fax emjs par : 33 1 42 66 68 90 



GUTHANN PLASSEFAUD 



Inventor** Signature; 
Inventor 

Residence: (ctty) 
//p> Pest Office Atfdrass: 
(Zip Code) 

Inventor's Signature; 



;40. 



it. 



12. 



Residence: (dty) 
Poet Office Address: 
(Zip Code) 

Invented Signature: 
Inventor: 

Residence: (city) 
Poet Office Address: 
(Zip Code) 

Inventors Signature: 
Inventor 

Residence: (city) 
Post Office Address: 
(Zip Code) 

Inventor's Sfgnature: 
Inventor: 

Residsnce; (city) 
Post Office Address: 
(Zip Code) 

Inventors Signature: 
Inventor 

Residence: (city) 
Post Office Address: 
(Zip Code) 

Inventor's Signature: 
Inventor; 

RefMencp:(oKy) 
Posl Office Address; 
(PpCode) 

Inventor** fttgnttura: 

inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 

Inventor's Signature: 
inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 




Ifl^rue Jeen^Baptlste, LE8A8, Phalempin, France 



(tost) - 
(state/couniry) France 



85/89/97 16 :86 P« : 3/3 



Hyon 



Franco . 



Date: 4£U 



MENOZZI 



( /a£^. 

Oast) ^ t p y j sn' (citizenship) 



rue des Canadfene. 29. Hyon, Bellgue 



ftlPBt) f 



» es*J It Oli fT I 
(state/country) Bsllque 

2— 



z_ 



5^2 



Ml 



JACOB-DUBUI3SON 

mm— 



p«eh*«.Thu nwnH . (etoto/eountry) Frartca 

WTawnue tfe Verdun. Fachet-ThumwnH, France ZZZZ 



Drf* fkU^l/ Jill" 
I 0 Q Belge^ 

(cftgenefilp) 



5S156' 



Date: 



(first) 



Ml 



(stete/country) 



(le?t) 



(citizenship^ 



Date: 



Ml 



(state/country) 



Oast) 



(citizenship) 



Date: 



(first) 



Ml 



(etete/country) 



(last) 



(citizenship) 



Pete; 



<"rst) 



Ml 



(etete/country) 



(tost) 



(citizenship) 



t i r 



Date: 



M! 



(state/country) 



(last) 



(citizenship) 



Date: 



(first) 



Ml 



(etete/country) 



(last) 



(citizenship) 



ADDITIONAL INVENTORS, check box □ end attach sheet wtth same Information end signature and date for each. 
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Nixon & Vanderhye f». C. (12/95) 



RULE $3 (37 C.F.R. 1.63) 
DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



As r heiow naiiic-J inventor I nercby d ;rtare that my residence, post office address and citizenship are as stated below next to my name, and 1 believe 1 

tta %na! first ^d sole mentor (ir only one name 1$ listed b&w) or an origin* first and JoUn Inventor (if plural names are listed bolow) of the subject 
n-iattpr which is claimed and Tor which a patent Is sought on the Invention entitled; 

rhKiwot mm^Tcw Fnmjm.'iS h/ wwxuttinin ok hqmm wua, paktiotarly hokikiv.ua wkujssts, mfhhx) for 



is attached hereto 

was tiled on asliS Application Serial No. t 

was Tiled as PCT International application No, PCT/f R95/00512 



<Atty Okt No. ), 

on 19 April 1895 

a~n d (it applicable to U.S. or PCT application) was amended on * 
\ hereby state thdl I have reviewed <nd understand the content* of the above Identified speoincatlon Including the claim*, as amended by any amendmenl 
hereby state^ I ^ inforr.a«ion ^ SMM^ 



I hereby claim foreign priority benefits under 35 U 1 1 0/365 of any foreign application!*) [or patent or uweraor* wiiiiuiewra wow 
idenS below any rofeign application for patent or Inventor's certificate having a fling date before that of the application on which priority fs claimed or, if 
no prloilty Is claimed, before the Tiling data of this application- 
Prior Foreign Applications); 

Application Number Country 
FR 94046 61 France 

I hereby claim the benefit under 35 U.S.C, §11 9(e) of any United States provisional application^) listed below. 
Application Number Day/Month/Year Filed 



Day/Monttt/Year Tiled 
19 April 1S94 



I hereby claim the benefit under 35 U.S C. 120/365 of all prior United States and PCT International applications listed above or below and, Insofar ^as the 
sublet matter of ear-h of lhe claims of this applfeiHoo Is not disclosed in such prior applications In the manner provided by the first paragraph of 35 U.5.C. 
112, 1 acknowledge the duty to disclose material Information as defined In 37 C F R 1 56 which occurred between the filing date of the prior applications 
and the national or PCT international filing date of this application: 

AW , % Status: patented, 

iSSSSSSS^t ^ t '"" lS): Filed P-cling, abandoned 




2 application or'any patent foi»d thereon And I hereby appoint NIXON * VANDCRHVE P.C., 1100 North Glebe Rd.. Wh Floor, Arlington. VA 22201- 
* 47H4 telephone number (703) 81IM000 (to whom all {•om.M.ml.ratlons are to be directed). «n<l the following attorneys thercoT (or the wme address) 
! MMdua* and wllertvcty my attorneys to prosecute this application and to transit all business In the PaUmt and Trademark Office ejected thetewtti 
2ind wrth the resulting) patent: Arthur P Crawford. 25327, Le.ry S. N*on, 25640; Robert A. Vanderhye 270/6; James T. Hosier, 30164; Robert W. Faris, 
31352 Rwhard G Bcsha. 22770; Mark E. Nusbaum. 32340; Michael J. Keenan, 32106. Bryan H Davidson. 30251, Stanley C. Spooner, 27393. Leonard 
cSfciJd 29009 noaneM Byers 333(53; Paul J. Mcnon. 3362B; Jeffry H. Nelson, 3P4S1 ; John R. Lastova, 33149; M. Warren Burnam, Jr. 29300; 
STwLs E Byrne, 32205; Mary J, Wllso^!^, J. Scott Davidson, 33489; Jerry D. Craig. 38026; Alan M. Kagen, 36178; William J. Griffin. 31260. 



Inventor's Signature" 
Inventor; 



cann lie 



LOCHT 



7\\ Residence 

At 



Ml 



(city) 

6.' / v post Office Address. 

(Zip Code) 

2. Inventor's Signature: 
Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 

3. Inventor's Signature: 
Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 



(first) 

1 h , rue du Vert Pre 
32830 




A rue 
59007 



and re 
(first) ; 

^8 f run cju 
52133 



Commandant 

^\ . Sit / . 



(last) 

(statefeount,y) 



RENA ULD 

-"njasTJ 

(stats^country) 
/Vy a 3 s e 



FRANCE 



(citizenship) 



Dale O^/odL/ftT- 



(citizenship) 



Date; 

CAPRON ' ' 

(lastj . (citizenship) 

(slale/coiintty) FRANCIS ' 



Franca ise 



naoitainc JASMIN 



FOR ADDITIONAL INVENTORS, check box [X] and attach sheet with same information and signature and date Tor each. 



0032344.01 



GUTMfiNN-PLRSSERAUD ^^FflX : 33-1-42660890 
. . ' -z- 



4 Inventor's Sign*iute 
Inventor 



Ml 



(|H*1) 

Rctitfpnut (city) WIALEMPIN _ _ 

Pouomc-Acwre*. if* rue Jean-DapUste LZbM 
(zip Code) ^913^ A * 



RIVEAU 
(last) 

(slstefcountry) FRANCE 



\. JfiN .97 17 :49 No .010 P. 05 

Atty Dkt. 
960-25 

DatB, 

(citizenship) Fran^aisc 



5 inventor's Signature _ 
Inventor; 

(first) 

Residence (city) UY0N 

Post Office Address rue des Can^d 1 ens 7 ?9 
(Zip Code) / < 



Date: ^ ds2c€+*h? Jfff 



(test) (citizenship) 
(stale'counUy) P F.LG LQUE 



Beige 



0. Inventor's Signature: 

inventor: ~ Trangolse" * JACOB-OUBUI5SOM 



— * • f 



(first) Ml 
Residence; (city) MCHES-THUMF.SN J I . 

Post omce Artless 80. avt-nue do Verdun 
(ZipCodL) 59^ ^ 



(last) 

(*tdtc/country) _ FRANCE 



' Beige 

(citizenship) 



7. Inventor's Signature: 

Inventor 

Residence' (city) 

^ Post Office Address: ^ 

( (Z*p Code) 

Inv^ntui's Signature- _ 
U Inventor 

4 (first) 
Resident, (city) 

4 Post office Addffc&s' 

5 (Zip Code) 



Date: 



Ml 



Ml 



(last) 

(state/country) 



Dal*: 

(test) 

(state/country) 



(citizenship) 



(citizenship) 



0032844 01 



GUT MANN- PLRSSERAUD AFAX: 33-1-42660390 M.JAN.97 17:49 No. 010 P. 02 
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$60-25 1 ' Nixon & Vanderhye P. C. (1 2#5) 

RULE 63 (37 C,F,R. 1.63) 
DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 
IN THC UNITED STATES PATENT AND TRADEMARK OFFICE 

As a below named inventor, I hereby declare that my residence, post office address and citizenship arc as slated below next to my nam*, and 1 believe t 
om the original first and sole Inventor (if only one name Is Fisted below) or an oiiginal, first and joint inventor (if plural names are listed below) of the subject 
matter which Is claimed and for which a patent is sought on the Invention entitled: 
KEUWRIWNT FRO I KINS OF KHAWNIUUS HAEWOGiOTINLN OF BOKDhTKI.lA, PARTICULARLY BORDKIKI J A PLKTUSSIS, METHOD FOR 

FW^^^ tWliKW FRCWINS OR VACCINATING ACTIVE FRBCTPf^S, 

Is attached hereto 

Wa* filed on as U S Application Serial No, (Atty DM. No, ), 

was filed as PCT international application No. PCT/FR95/00512 on _ 19 April 1995 



a n d (If applicable to U.S or PCT application) was amended on i 

t ber&by stato that I have reviewed and undei stand the contents oMhe above identified specification, including the claims, as amended by any amendment 
referred to above I acknowledge the duty to disclose Information which Is matpflal to the patentability of this application In accordance with 37 CF.R. 1 .55. 
I hei eby claim foreign priority benefit* under 35 U.S C 11 9/365 or any foreign application^) for patent qr inventor's certificate listed below and hove also 
identified below any foreign application for patent or Inventor** ceitlfMe having a filing date before that oT the application on which priority Is claimed or; if 
no prioilly is claimed, before the filing date of this application: 

Prior Foreign Application(s) 

Application Number Country DayWIonth/Year Filed 
FR 9404661 France 1» April 1994 

I hereby claim the benefit under 35 U 5 C. §1 1 9(e) of any United States provisional application^) listed below. 
Application Number Day/Month/Year Filed 



I hereby claim the benefit under 35 U 5 C, 120/305 of all prior United Stales and PCT international applications listed above or below and, Insofar as the 
subject matter of each of the claims of tills application Is not dlscfo&ed In such prior applications in the manner provided by the first paragraph of 35 U S C 
112, 1 acknowledge the duty to disclose material Information as defined In 37 C FR. 1.56 which occurred between the filing date or the prior applications 
and the national or PCT international filing date of this application; 

Prior U.S./PCTApplication(s): R ,„ _ „ . , ^ Status: patented 

Application Serial No. Day/Monlh/Year Filed pending, abandoned 



1 hereby declare thot oil statements made herein of my own knowledge ore true and that all state inn nt* made on information and b^litf are be!fev*d tu b* 
true, and further that these statements were made with the knowledge that willful false statement* and the like so made are punishable by fine or 
impiisonment, or both, under Section 1001 of Title 19 of the United States Code and that such willful f3lse statements may jeopardize the validity of the 
appfK^lton or any patent Issued thereon. And I hereby appoint NIXON & VANDERHYE P.C., 1100 North Glebe Rd., 8th Floor, Arlington, VA 22201- 
4714, telephone number (703) 816-4000 (to whom all communications are to be directed), and the following attorneys thereof (of the same address) 
individually and collectively my attorney*, to prosecute this application and to transact all business In the Patent and Trademark Office connected therewith 
and with the resulting patent: Atthur R, Crawford, 25327, Larry S. Nixon, 25«40; Robert A. Vanderhye, 27076, James T. Hosmer, 301 94: Robert W. Faris r 
31 352, Richard G. Besha, 22770, Mark E. Nusbaum, 32348, Michael J Keenan, 32106, Bryan H. Davidson, 30251 ; Stanley C. Spooner, 27393; Uonard 
C, Mltchard, 29009, Duang M, Byers, 33363, Paul J, Henon. 3362b; Jeffry H. Nelson, 30481, John R Lsstoya, 33149; H. Warren Burnam, Jr., 29366; 
Thomas E Byrne, 32205, Mary J, VvTlsoir 32955; J. Scott Davidson, 33489; Jerry D. Craig, 36026; Alan M. Ksgen, 36178; VWlam J. Griffin, 31260. 

1 . Inventors Signature: Data: / j% } 

Inventor carrn Uc ' " LOCHT ' * BclgC 

(first) Ml (last) (citizenship) 

Residence: (city) WANNLilJAiN . (state/country) __FHANCE _ 

Post Office Address: 1 4 f rue du Vert Pre 

(Tip Code) [39630 

2 Inventor's Signature: Date: 

Inventor: Genevieve RENAULD 

(first) ' Ml (last) (citizenship) 

Residence: (city) j^qxt (state/countiy) FRANCE 

Post Office Address: -24_ rue du Commandant Avassc 

(Zip Code) 6 ^oo 7 ✓O/ / ^ . 

3. Inventor's Signature: 

ar^m^ ™. Eolith/ 

Inventor: and re '^v/' ' ' capron ' ' Frangalse 

(first) *--^"~'%H (last) (citizenship) 

Residence; (city) EfJALEMPIN , (state/country) _^FKANCE 

Post Office Address: e^. rue rju Canitainc JASMIN 

(Zip Code) 5^133 



FOR ADDITIONAL INVENTORS, check box [X] and altucfi sheet With same information and signature and date for each. 



GUTM ANN-PL ASSERAUD 
i 



FAX: 33-1-42660890 



JfiN.97 17:49 No. 010 P. 03 

Atty Vkl 
960-25 



4. Inventor's Signature; _ 

Inventor: Ri-l 1^ '* RIVEAU 

(first) MI (fast) 

Residence: (city) JPHAU'MPIN ^ (state/country) _ FRANCE 

Post Office Address 15, rue Jean-Baptists [.ERAS 



Date: 

(cltizRnship) Frangw i s<= 



(ZlpCpde) ^91 33 / 



Ml 



5. Inventor's Signature: 
Inventor Torino 

(first) 
Residence; (city) 

Post Office Address: rue des CanacH ens , 29 
(Zip Code) B-702P 

~~ f \ 

6. Inventor's Signature \ 

Inventor. f rancoisc ~* ^ 

(first) Ml 
Residence: (city) FACllKS-TIJUMESNlL 
Post Office Address; 80, ave nue cle Verdun 

(Zip Code) £gj r,r; 



Date: W dorte-A* fffl 
MEN077I BelgC 
(last) (citizenship) 
(sfotefcountry) BRT.QTQUF; 



Date: 



JACOB-DUBUI550N 

(last) 



Beige 



(citizenship) 



(flr*t) 



7. Inventor's Signature: 
Inventor' 

Residence: (p)ty) 

Post Office Address: t ___ 
(Zip Code) 

8. Inventor^ Signature: 

Inventor. 

(first) 

Residence (city) 

Post Office Address: 

(Zip Code) 



(sMefcounlry) l-'HANCE 



Date: 



Mi 



(last) 

(state/country) 



(citizenship) 



Date: 



Ml 



(las!) 

(stale/country} _ 



(citizenship) 



